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PROCEEDINGS 

CONDENSED    MINUTES   OF   THE   TWENTY-SIXTH    GENERAL    MEETING 

OF  THE  SOCIETY,  HELD  AT  NIAGARA  FALLS, 

OCTOBER    I,   2,  AND   3,    1914. 

Number  of  members  registered,  119;  number  of  guests,  124; 
total,  243. 

PROCEEDINGS  OF  WEDNESDAY,  SEPTEMBER  30. 

Registration  opened  at  6.00  P.  M.  at  the  Clifton  Hotel.  A 
meeting  of  the  Publication  Committee  was  held  at  7.30,  and  of 
the  Board  of  Directors  at  8.30  at  the  Niagara  Club. 

PROCEEDINGS  OF  THURSDAY,  OCTOBER  I. 

The  meeting  for  the  reading  and  discussion  of  papers  was 
called  to  order  at  9.30  A.  M.  in  the  Convention  Room  of  the 
Clifton  Hotel,  President  F.  A.  Lidbury  in  the  Chair. 

Papers  by  O.  L.  Kowalke  (abstracted  by  G.  A.  Roush),  H. 
Ziegel  (abstracted  by  W.  L.  Miller),  F.  H.  Getman  (abstracted 
by  W.  R.  Whitney),  L.  Addicks  (abstracted  by  L.  D.  Vorce), 
N.  J.  Marsh,  and  H.  Schlundt  (abstracted  by  W.  F.  Bleecker), 
were  presented  and  discussed  as  printed  in  full  in  these  Transac- 
tions. 

In  the  discussion  of  Schlundt's  paper  the  question  of  the 
poisonous  effects  of  uranium  in  the  handling  of  uranium  ores 
was  mentioned,  and  after  considerable  debate  as  to  whether 
uranium  really  had  any  poisonous  effects,  the  following  commit- 
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tee  was  appointed  to  investigate  this  matter  and  report  to  the 
Society  on  their  findings:  W.  F.  Bleecker,  W.  R.  Mott,  A.  R. 
Ledoux  (Dr.  Ledoux  having  requested  to  be  relieved  from 
service  on  this  committee,  Charles  Baskerville  was  appointed  on 
the  committee  in  his  place  at  a  subsequent  meeting  of  the  Board 
of  Directors). 

In  the  afternoon  a  visit  was  made  to  Foster's  Flats  and  to  the 
Niagara  Gorge. 

On  the  return  from  Foster's  Flats  the  power  plant  of  the 
Ontario  Power  Company  was  visited. 

In  the  evening  at  8.30  a  smoker  was  held  in  the  Convention 
Room  of  the  Clifton  Hotel,  while  the  ladies  were  entertained  in 
the  Palm  Room. 

PROCEEDINGS  OF  FRIDAY,  OCTOBER  2. 

At  9.00  A.  M.  special  cars  left  the  Clifton  Hotel  for  visits  to 
the  plants  of  the  International  Acheson  Graphite  Company  and 
the  Niagara  Alkali  Company.  The  party  then  divided,  some 
going  to  the  plant  of  the  Spirella  Corset  Company,  and  others 
to  the  power  house  of  the  Hydraulic  Power  Company. 

A  session  for  the  reading  and  discussion  of  papers  was  called 
to  order  at  2.00  P.  M.  in  the  Convention  Room  of  the  Clifton 
Hotel,  at  which  papers  by  F.  J.  Tone,  C.  E.  Skinner  and  L.  W. 
Chubb  (presented  by  Mr.  Skinner),  C.  E.  Skinner  and  L.  W. 
Chubb  (presented  by  Mr.  Chubb),  W.  Lash  Miller,  F.  C.  Mathers 
and  B.  W.  Cockrum  (two  papers)  (presented  by  Dr.  Mathers), 
and  F.  C.  Mathers,  were  presented  and  discussed  as  printed  in 
full  in  these  Transactions. 

At  the  close  of  the  professional  session,  the  American  Cyan- 
amid  Company  showed  moving  pictures  of  the  operation  of  their 
process  at  the  Cataract  Theater. 

At  7.00  P.  M.  dinner  was  served  in  the  dining  room  of  the 
Clifton  Hotel,  followed  by  an  illustrated  lecture  on  the  Physical 
Nature  of  Color,  by  C.  E.  Kenneth  Mees,  Director  of  the  Re- 
search Laboratory  of  the  Eastman  Kodak  Company. 

PROCEEDINGS  OF  SATURDAY,  OCTOBER  3. 

The  morning  session  was  called  to  order  at  9.30  A.  M.  at  the 
FitzGerald   Laboratories   and   the   paper   of   Otto   Mantius   was 
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presented  and  discussed  as  printed  in  these  Transactions.  Fol- 
lowing this  paper  the  President  opened  the  Symposium  on  the 
Practical  Side  of  Electrochemical  Investigation,  which  lasted 
throughout  the  day,  lunch  being  served  at  the  Cliff  Distributing 
Company's  substation  adjoining  the  laboratory.  At  the  lunch 
hour,  a  visit  was  made  to  the  plant  of  the  Niagara  Linen  Co. 
During  the  course  of  this  Symposium  demonstrations  were  made 
by  F.  A.  J.  FitzGerald  (representing  FitzGerald  Laboratories), 
L.  E.  Saunders  and  J.  B.  Glaze  (representing  the  Norton  Com- 
pany), A.  T.  Hinckley  (  representing  National  Carbon  Company), 
E.  R.  Cole  (representing  International  Acheson  Graphite  Com- 
pany), C.  Dantsizen  (representing  General  Electric  Company), 
Carl  Hering  (demonstrating  the  Pinch  Effect  Furnace),  L.  W. 
Chubb  (demonstrating  the  Electropercussive  Welding  Process), 
R.  S.  Wile  (demonstrating  the  Wile  Electric  Reduction  Furnace), 
P.  E.  Landolt  (demonstrating  the  Cottrell  Process  for  the  Col- 
lection of  Fumes). 

In  conclusion  it  was  moved  that  the  sincere  and  hearty  thanks 
of  the  Society  be  extended  to  the  International  Acheson  Graphite 
Company,  the  Niagara  Alkali  Company,  the  Spirella  Company, 
the  Hydraulic  Power  Company,  the  Ontario  Power  Company, 
the  Cliff  Distributing  Company,  the  American  Cyanamid  Com- 
pany and  the  Niagara  Falls  Linen  Company  for  their  courtesies 
extended  in  connection  with  the  twenty-sixth  meeting  of  the 
Society ;  also  to  the  FitzGerald  Laboratories  and  their  staff  of 
assistants  who  have  added  a  unique  and  highly  instructive  day 
to  the  program  of  the  meeting;  to  Mr.  C.  E.  Kenneth  Mees  for 
his  most  interesting  lecture;  to  the  naturalist,  Mr.  H.  C.  Morphy, 
for  accompanying  the  excursion  to  Foster's  Flats ;  to  the  Niagara 
Club  and  the  Niagara  Falls  Country  Club  for  opening  their 
houses  and  grounds  to  the  visiting  members  ;  to  the  Niagara  Falls 
members,  and  especially  the  Chairmen  of  the  Local  Committees, 
and  to  the  Ladies'  Committee,  for  their  time  and  attention  so 
unsparingly  given,  which  have  rendered  this  Twenty-sixth  Meet- 
ing memorable  in  the  annals  of  the  Society. 

The  Twenty-sixth  Meeting  of  the  American  Electrochemical 
Society  was  then  declared  adjourned. 

In  the  evening,  an  informal  rendezvous  was  held  at  the  Nia- 
gara Club,  as  a  farewell  to  the  visiting  members. 
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BRADLEY,   D.    H.,    Jr.    (Nov.    24,   '11)    1700    Rampart   St..    El   Paso,    Texas. 
BRADLEY,    J.    C.    (Nov.    26,    '07)    c/o   American    Brass    Co.,    Waterbury,    Conn. 
BRADLEY,   Walter  E.   F.    (June   29,   '07)   41   Park   Row,    New   York  City. 
BRADLEY,    Walter    M.    (Apr.    3,    '02)    Sheffield    Scientific    School,    Min.    Lab.;    res., 

520  Whitney  Ave.,  New  Haven.   Conn. 
BRADY,    Wm.    Burke    (Oct.    28,    '09)    Assistant    Superintendent,    National    Carbon 

Co.,    Cleveland,    Ohio;    mailing   address,    12582    Clifton    Boulevard. 
BRADY,    William    (May    29,    '09)    Chief   Chemist,    Illinois    Steel    Co.,    Chicago,    111.; 

mailing   address,    7642    Marquette  Ave. 
BRAGG,    E.    B.    (Feb.    25,    '11)    Manager,    Chicago    Branch,    General    Chemical    Co., 

Evanston,    111.;    res.,    1838   Chicago   Ave. 
BRAY,    William    C.    (May    30.    '08)    Dept.    of    Chemistry,    University    of    California, 

Berkeley,    Cal. 
BRECKENRIDGE,    J.    E.     (Apr.    26.    '13)    Chief    Chemist,    Am.    Agric.    Chem.    Co., 

Carteret,    N.    J. 
BREED.  George   (June  3,   '04)   Consult.  Eng..  Witherspoon  Bldg.,   Philadelphia,  Pa. 
BRENEMAN,    A.    A.    (May    1,    '06)    Analyt.    &    Consult.    Chem.,    97    Water    St.,    New 

York. 
BREWER,    P.    J.     (Mar.    23,    '12)    care    of    Messrs.    Morgan    &    Elliot,    Recoletos,    2, 

Madrid,   Spain. 
BRICKENSTEIN,   John  H.    (Nov.   27,   '09)    Member  of  firm   of  Byrnes.   Townsend   & 

Brickenstein,   Washington,    D.    C. :    mailing   address,    Cosmos    Club. 
BRIGGS,    Frank    H.    (Oct.    27,    '11)    Vice-Pres.    and    Gen.    Mgr.,    American    Dynalite 

Co.,   Amherst,   Ohio. 
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BRILL,,  Otto  (Nov.  30,  '12)  Standard  Radium  Chem.  Co.,  Industriepalast,  Vienna 
I.,  Austria. 

BRINDLEY,    Geo.    F.    Hotel    American,    Moncton,    N.    B.,    Canada. 

BRINKER,  Harry  L.  (May  29,  '09)  Chief  Chemist,  Carnegie  Steel  Co.,  Youngs- 
town,   Ohio;   res.,   255   Arlington   St. 

BRISTOL,  Wm.   H.    (Dec.   1,  'Q6)    The  Bristol  Co.,   Waterbury,  Conn. 

BROCKBANK,  Clarence  J.  (Apr.  2,  '13)  Mgr.  The  Exolon  Co.,  Thorold,  Ont., 
Canada. 

BROOK,  G.  Bernard  (Feb.  23,  '12)  Univ.  of  Sheffield,  St.  Georges  Square,  Felwood 
Sheffield,    Eng. 

BROOKFIELD,  Wm.  Bertin  (May  26,  '10)  Superintendent,  Melting  Department, 
Halcomb   Steel  Co.,   Syracuse,   N.   Y. ;  res.,   109   Standart  St. 

BROOKS,   Morgan.   Ph.  D.    (Apr.   3,  '02)   Univ.  of  Illinois,   Urbana,   111 

BROOKS,    W.    C.    (Mar.    23,    '12)    2337    N.    Delaware   St.,    Indianapolis,    Ind. 

BROPHY,  Oscar  (Feb.  27,  '14)  Chem.  Engineer,  Ajax  Metal  Co.,  Philadelphia,  Pa  ; 
mailing  address,    1919  N.   12th   St. 

BROWN,   Harold  P.    (Apr.   3.   '02)    Elec.   Eng.,    120-122   Liberty   St.,   New  York   City. 

BROWN,  John  T.,  Jr.  (May  26,  '10)  Superintendent,  Duquesne  Reduction  Co., 
Pittsburgh,    Pa.;    res.,    5448   Stanton   Ave. 

BROWN,  John  W.    (July  31,  '07)   West  25th  and  Mulberry  Sts.,   Cleveland,   Ohio. 

BROWN,  O.  W.  (Apr.  3,  '02)  Associate  Prof,  in  Chem.,  Indiana  Univ.,  Blooming- 
ton,    Ind.;   res.,   540  S.   Lincoln  St. 

BROWN,  W.  G.,  B.S.,  Ph.D.  (Apr.  3,  '02)  Prof,  of  Chem.,  Univ.  of  Missouri, 
Columbia,   Mo. 

BROWNE,  David  H.  (Apr.  3,  '02)  Metallurgist,  International  Nickel  Co.,  43  Ex- 
change  Place,   New  York  City. 

BROWNE,  deCourcy  B.  (Apr.  26,  '13)  Met.  Eng.,  Goldschmidt  Thermit  Co.. 
90  West  St.,   New  York  City. 

BROWNE,  Wm.  Hand,  Jr.  (Apr.  3,  '02)  North  Carolina  College  of  Agriculture 
and   Mechanic  Arts,   West   Raleigh,   N.   C. 

BRUBAKER,   Howard  W.    (Jan.   25,   '13)    Manhattan,    Kansas. 

BRYAN,  John  K.  (Aug.  22,  '13)  Gen.  Foreman,  Raritan  Copper  Works,  Perth 
Amboy,   N.   J.;   res.    151   Water  St. 

BRYDEN,  Chas.  L.  (Nov.  27,  '09)  Head  of  School  of  Metal  Mining  and  Metallurgy, 
International  Correspondence  Schools,  Text-book  Department,  Scranton,  Pa., 
res.,    1701   Jefferson   Ave. 

BRYN,    Knud    (Nov.    24.   '11)    Director,    Kristiania,    Norway. 

BUCH.  N.  W.  (Nov.  6.  '13)  Safety  Armorite  Conduit  Co.;  mailing  address,  West 
Pittsburgh,    Lawrence   Co.,    Pa.,    Box    97. 

BUCHANAN,  Leonard  B.  (Apr.  3,  '02)  Pres.  Electrochemical  Co.,  with  Stone  & 
Webster,    147    Milk   St..    Boston,    Mass. 

EfCHERER,  Prof.  Dr.  Alfred  H.  (May  27,  '11)  Professor  of  Physics,  Bonn  Uni- 
versity,   Bonn,    Germany. 

BUCK.  C.  A.  (May  29,  '09)  General  Supt,  Bethlehem  Steel  Co.,  South  Bethlehem, 
Pa. 

BUCK,  H.  W.    (May  7,  '01)   4  9  Wall  St.,  New  York  City. 

BUCKIE,  Robert  H.  (Sept.  25,  '09)  Supt,  Electrolytic  Bleach  and  Soda  Plant; 
The  W.   Va.   Pulp  and   Paper  Co.,   Mechanicsville.   N.   Y. 

BULLOCK,  Arthur  R.  (Apr.  24,  '14)  Electrical  Eng., 11913  Lake  Ave.,  Lakewood, 
Ohio. 

BURGER,  Dr.   Alfred    (Aug.   26,   '10)    68   Bay  View   Ave.,   New  Brighton,   New   York. 

BURGESS,  Prof.  C.  F.  (Apr.  3,  '02)  Northern  Chemical  Engineering  Labs.,  625 
Williamson  St.,  Madison,  Wis. 

BURNS,  Willis,  T.  (Nov.  6,  '03)  in  charge  of  Electrolytic  Refinery,  Boston  and 
Mont.    Cons.   Cop.   S.   and   Min.   Co.,   Great  Falls,   Mont. 

BURT-GERRANS  (Jan.  27,  '12)  Demonstrator  in  Electrochemistry,  Univ.  of 
Toronto,  Toronto,  Canada;  res.,  46  Dewson  St. 

BURWELL,    Arthur  W.    (Nov.    5,   '04)    Rexford,    Lincoln   Co.,   Montana. 

BUTTERS,   Chas.    (July   1,   '05)    59th  Street   and  College  Ave.,   Oakland.   Cal. 

BUTTFIELD,   W.   J.    (Oct.    23.   '14)    Pres..   Vulcan   Detinning  Co.,    Sewaren,    N.   J. 

CAI.BERLA,    Roland    (Nov.    26,   '07)    Linz   am   Rhine,   Germany. 

CALDER,   A.   R.    (May  26,    '10)    2200   Bellevue   Road,   Harrisburg,    Pa. 

CALDWELL.Edw.    (Apr.   3,   '02)    239   W.   39th   St.,   New  York. 

CALLAHAN,  Joseph  F.  (Sept.  20,  'ID  Chemist,  Int.  Acheson  Graphite  Co., 
Niagara  Falls,  N.  Y. :  res..   522  Jefferson  Ave. 

CALLEN,  A.  S.  (Apr.  24,  '14)  Asst.  Met.,  Lehigh  University,  So.  Bethlehem,  Pa.; 
mailing  address,   453   Chestnut   St. 

CAMERON,  Frank  K.,  Ph.  D.  (Oct.  7,  '05)  Chem.  in  charge  of  Phys.  and  Chem. 
Investigation,   Bureau   of  Soils,   U.   S.   Dept.   of  Agr.,   Washington,   D.   C. 

CAMERON,   Walter  S.    (Apr.   3,   '02)    239  W.   136th   St.,   New  York  City. 

CAMPBELL,  Donald  F.  (Feb.  27,  '09)  Electrometallurgist,  17  Victoria  St.,  Lon- 
don.   S.    W.,    England. 

CANBY,  Robt.  C.  (July  24.  '11)  Consulting  Metallurgist,  334  So.  Main  St.,  Walling- 
ford,    Conn. 

CANET.    B.    Charles    (Aug.    26.    '10)    121    Maiden   Lane.    New   York   City. 

CANTLEY,  Thomas  (Mar.  27.  '09)  Gen.  Manager.  Nova  Scotia  Steel  &  Coal  Co., 
Ltd.,    New   Glasgow.    Nova   Scotia,    Canada. 
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CAPP,  J.  A.  (Sept.  4,  '02)  Chief  of  Testing  Laboratory,  Gen.  Elec.  Co.,  Schenec- 
tady,  N.   Y. 

CARHART,    Prof.    H.    S.    (Apr.    3,    '02)    Pasadena.    California. 

CARLSON,  Birger  (Nov.  5,  '04)  Chemist,  Electrochem.  Works  of  Stockholm 
Superfosfat   Aktiebolag   of   Stockholm,    Sweden;    res.,    Mansbo,    Avesta,    Sweden. 

CARNEGIE,  Ebenezer  (Aug.  28,  '14)  Director  and  Secy.,  The  Electric  Steel  and 
Metals   Co.,   Welland,    Ont.,    Canada. 

CARNEY,  F.  D.  (May  29,  '09)  Assistant  General  Superintendent,  Penna.  Steel 
Co.,   Steelton,   Pa. 

CARRIER,   C.   P.,  Jr.    (Mar.   5,  '05)   Supt.,   Bayway  Chem.   Co.,   Elizabeth,   N.   J. 

CARSE,  David  B.  (Mar.  4,  '05)  President,  David  B.  Carse  &  Co.,  165  Broadway. 
New   York  City. 

CARVETH,  H.  R.,  Ph.  D.  (Apr.  3,  '02)  Works  Mgr.,  Niagara  Electrochemical  Co., 
Niagara  Falls.   N.   Y. ;   res.,   US   Buffalo  Ave. 

CARY,  Charles  R.  (May  29,  '09)  Engineering  Salesman,  The  Leeds  &  Northrup  Co., 
4901  Stenton  Ave.,   Philadelphia. 

CASE,  Willard  E.  (Oct.  2,  '02)  Metropolitan  Club,  5th  Ave.  and  60th  St.,  New 
York  City. 

CASE,   Willis  W.,   Jr.    (Nov.   27,   '09)   Denver  Athletic   Club,   Denver,    Colo. 

CASSELBERRY,    Harry    (June   29,   '07)    2218    4th   Ave.,   Altoona,    Pa. 

CASTLE,    S.    N.    (Jan.    27,   '12)    30   Church    St.,    New   York   City. 

CATANI,  Remo  (Aug.  31,  '07)  Electrical  Engineer,  45,  Via  Dell'Ani.ma  (Palazzo 
Doria),   Rome,    Italy. 

CATLIN,  Chas.  A.  (Nov.  6,  '03)  Chemist,  Rumford  Chem.  Works,  133  Hope  St., 
Providence,   R.   I. 

CAVEN,   Trevor  M.   (June  27,  '13)   Engineer.   53  W.   Jackson   Blvd.,   Chicago,   111. 

CHALAS,  Adolphe  (May  29,  '09)  care  of  Chalas  &  Sons,  Finsbury  Pavement 
House,    Finsbury   Pavement,    London,   E.    C,    England. 

CHANCE,  H.  M.  (June  25,  '09)  Consulting  Mining  Engineer,  Drexel  Bldg.,  Phila- 
delphia,  Pa. 

CHANDLER,    Dr.    C.    F.    (Jan.    S,    '03)    Prof,    of   Chem..    Columbia   Univ.,    New   York. 

CHANEY,  N.  K.  (Mar.  27,  '14)  Res.  Chemist,  The  National  Carbon  Co.,  Cleve- 
land,   Ohio;    mailing    address,    1614    Wyandotte    Ave.,    Lakewood,    Ohio. 

CHAPPELL,  W.  C.   (June  28,  '12)   1743  Cherokee,  Hollvwood.  Los  Angeles,  Cal. 

CHASE,   M.    F.    (Feb.    27,   '09)    1306   Astor   St..   Chicago,    111. 

CHATEAU,    Paul    (Oct.    27,    '11)    Vennesla   pr.    Christiansand,    S.,    Norway. 

CHEDSEY,  Win.  R.  (Apr.  24,  '09)  Asst.  Prof,  of  Mining.  Colo.  School  of  Mines, 
Golden,  Colo. 

CHIARAVIGLIO,   Dino    (Apr.   3,   *02)   Via  Treviso   7,   Rome,   Italy. 

CHILDS,  D.   H.    (Apr.   3,   '02)   539  Norwood  Ave.,   Buffalo.   N.   Y. 

CHILLAS,  Richard  B.  (May  5,  '10)  Chemical  Engr.,  National  Carbon  Co.,  Cleve- 
land,   Ohio;   res.,    1276   W.    112th    St. 

CHORPENING,  George  B.  (Apr.  2,  '04)  Electrical  Engineer,  Box  197,  Clarksburg, 
W.   Va. 

CITO,  C.  C.  (Sept.  26,  '08)  Consulting  Engineer  of  the  Mines  de  Monte  Zippiri 
Sardaigne,    10   Rue   Henri    Marichal,    Brussels,    Belgium. 

CLAMER,  G.  H.,  (Apr.  3,  '02)  Ajax  Metal  Co.,  Frankford  Ave.  and  Richmond 
St.,   Philadelphia,   Pa. 

CLAPP,  E.  H.  (Sept.  4.  '03)  Vice-Pres.,  Penobscot  Chem.  Fibre  Co.,  49  Federal  St., 
res.,   490  Beacon   St.,   Boston,   Mass. 

CLAPP,  Joseph  F.  (Nov.  27,  '09)  Metallurgist,  Rare  Metals  Corporation,  Los 
Angeles,   Cal.;  res.,   244  Ave.   25,   Los  Angeles,   Cal. 

CLARK,  Friend  E.,  Ph.  D.  (Apr.  3,  '02)  The  Dept.  of  Chem.,  West  Virginia  Univ., 
Morgantown,   W.  Va. 

CLARK,  Walter  G.  (Sept.  28,  '07)  Pres.  Parker-Clark  Electric  Co.,  135  Broadway, 
New  York  City. 

CLARK,  Wm.  J.  (Apr.  3,  '02)  Gen.  Mgr.  Foreign  Dept.,  Gen.  Elec.  Co.,  30  Church 
St..  New  York  City. 

CLARK,   Wm.   W.    (May   27,   'ID    Metallurgist,   Seymour  Mfg.   Co.,   Seymour,   Conn. 

CLARKE,  Eben  B.  (June  25,  '09)  General  Manager,  Firth-Sterling  Steel  Co, 
McKeesport,   Pa. 

CLASSEN,  Dr.  A.  (July  29,  '10)  Professor  of  Electrochemistry,  Polytechnic  High 
School,   Aachen,    Germany. 

CLEAVES,   Dr.   Margaret  A.    (Mar.   5,  '04)    616   Madison  Ave.,   New  York  City. 

CLEMENTS,  Frank  O.  (Apr.  29,  'ID  Chemist,  The  National  Cash  Register  Co., 
Dayton,    Ohio. 

CLERC,   Frank  L.      (Oct.    24,   '13)    Boulder,   Colo. 

CLEVENGER,  G.  H.  (Aug.  27,  '09)  Consulting  Engineer,  Butters  Salvador  Mines; 
mailing    address.    381    Hawthorne    Ave.,    Palo    Alto,    Cal. 

CLYMER,  W.  R.  (May  30,  '08)  Factory  Mgr.,  National  Carbon  Co.;  mailing  ad- 
dress, 13985  Lake  Ave.,  Cleveland,  Ohio. 

COATES,   Jesse    (May  29,  '09)    40  Ocean  Ave.,   Lynn,  Mass. 

COFFIN,  F.  P.  (May  25.  '12)  Electrical  Engineer,  General  Electric  Co.,  Schenec- 
tady, N.  Y. ;   res.,   49  Glenwood  Boulevard. 

COGGESHALL,  G.  W.  (Apr.  3,  '02)  Chem.  Eng..  The  Inst,  of  Industrial  Res.. 
Washington,    D.    C. ;    mailing   address.    1850    Mintwood    Place. 

COHO,    H.    B.    (Apr.   3,   '02)    111   Broadway,    New   York   City. 
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COHOE,   W.   P.    (Oct.   28,   '09)    Consulting  Chemist,    50   E.    41st   St.,    New   York  City. 
COLBY,    Ed.   A.    (Apr.    3,   '02)    Sup.,    Baker  Platinum   Works,    Newark,    N.   J. 
COLCORD,    Frank    F.    (Oct.    7,    '05)    c/o  U.    S.    Metal    Ref.    Co.,    42    Broadway     New 

York  City. 
COLE,    Edward   R.    (June   25,   '09)    Assistant   Superintendent,    International  Acheson 

Graphite  Co.,  Niagara   Falls,   N.   Y. 
COLE,    Harry   N.    (Mar     27,   '09)    Instructor   in   Chemistry,    University   of   Michigan, 

Ann   Arbor,    Mich.;    mailing  address,    702    Forest   Ave. 
COLEMAN,   Wm.   B.    (Oct.    29,   '10)    732   Forest   Ave.,   Ambler,    Pa. 
COLLETT,    Emil    (Nov.    24,    '11)    Sommirrogatan,    Kristiania,    Norway. 
COLLETT,     Ove     (Feb.     23,     '12)     Met.     Engr.,     Arendals    Fossekompagne,     Arendal, 

Norway. 
COLLINS,    Fred   L.    (Oct.    29.    '08)    160    Whitney   Ave.,    Sydney,    Cape   Breton,    Nova 

Scotia,   Canada. 
COLVOCORESSES,    Geo.    M.    (Dec.    31,    '09)    Room    1407,    43    Exchange    Place,    New 

York  City. 
COMEY,    Arthur    M.     (Apr.    29,    'ID    Director,    Eastern    Laboratory,    E.    I.    du    Pont 

de  Nemours  Powder  Co.,   Chester,   Pa.;   res.,    424   E.    13th   St. 
COMSTOCK,    Chas.   W.    (June    27,    '13)    Consult.    Eng.,    1235    First   Nat.    Bank   Bldg., 

Denver,  Colo. 
COMSTOCK,   D.    F.    (Mar.    27,   '14)    Asst.    Prof,    of   Physics,    Mass.   Inst,    of  Technol- 
ogy,  Boston,   Mass. 
COMSTOCK,   Louis  K.    (Sept.    26,     OS)    Hudson   Terminal  Bldg.,   30   Church   St.,   New 

York   City. 
CONNELL,     H.     R.     (May     26,     '10)     Research     Laboratory.     General     Electric     Co., 

Allegheny    Steel    Co.,    Brackem  idge,    Pa.;    res.,    Tarentum.    Pa. 
CONNELL,    Wm.    H.    (May   27,    '11.)    Treasurer,    American    Bridge   Co.,    Friek   Bldg., 

Pittsburgh,   Pa. 
CONVERSE,   Vernon   G.    (Oct.    29.   '08)    General   Mgr.   and   Chief   Engineer,    Ontario 

Power  Co.;   P.   O.   Box   496,   Niagara  Falls,   N.   Y. 
CONVERSE,  W.  A.    (Nov.  27,  '09)   Secretary  and  Chemical  Director,   Dearborn  Drug 

and    Chemical    Co.,    Chicago.    111.;    mailing   address,    4320    Greenwood   Ave. 
COOK,   Edw.   B.    (May   5,   '10)    1568   E.    108   St.,    Cleveland,   Ohio. 
COOK,   John   (Jan.    27,   '12)    Patent   Attorney,    30   Church   St.,    New   York  City. 
COOLIDGE,    Wm.    D.     (June    27,    '13)    Asst.    Director,    Res.    Lab.,    Gen.    Elec.    Co., 

Schenectady,  N.   Y. 
COOPER,    K.    F.    (Feb.    27,    '09)    Gen.    Mgr.,    American    Cyanamid    Co.,    528    Ellicott 

Square,   Buffalo,   N.   Y. 
COPE,   F.   T.    (Jan.    25,   '13)    Engineer,    c/o   Electric   Furnace   Co.,   Alliance,    Ohio. 
CORBIN,   J.    Ross    (May    26,   '10)    1729   Master   St.,    Philadelphia,    Pa. 
CORNELIUS,  Erik   (Oct.  29,  'OS)   Handtverkaregatan,    4.:   I:  III.   Stockholm,   Sweden. 
CORNELL,   Sidney    (May    26.   '10)    16    Norman   St.,    East   Orange,    N.    J. 
CORNING,     Christopher    R.     (July     21.      11)     36     Wall     St.,     New     York    City;     res.. 

Tuxedo   Park,    N.    Y. 
CORNTHWAITE,    Hayden    (Sept.    2."'.     09  i    c/o    2    The   Avenue,    Brimsdown,    Middle- 
sex,  England. 
CORNTHWAITE,    Stanley    (Sep.    25,    '09)    68   Duncan    Road,    Rusholme,    Manchester, 

England. 
CORSE,    Wm.    M.    (May    5,   '11)    Mgr.    Bronze   Dept.,    The   Titanium   Alloy   Mfg.    Co., 

Niagara  Falls,    N.    Y. :    res.,    106    Morris   Ave..    Buffalo,    N.    Y. 
COTTRELL,  F.   G.    (Dec.   28,   '12)   Chief  Physical  Chemist,   506  U.   S.   Custom   House, 

San  Francisco,  Cal. 
COWAN,   Wm.  A.    (May  5,  '10)   Assistant   Chemist,   Research   Laboratories.    National 

Lead  Co.,   129  York  St..   Brooklyn,  N.   Y. 
COWLES,   Alfred   H.    (Apr.   3,   '02)   The  Elec.   Smelt,   and   Aluminum   Co.,   P.    O.   Box 

84,   Sewaren,   N.   .7. 
COWLES,   Harry  D.    (Dec.   2  8.   '12)   Res.   Chemist,    166  N.    17   St.,   East  Orange,   N.    J. 
COWPER-COLES,    S.     (Oct.    10,    '03)    1    and    2    Old    Pye    St.,    Westminster,    London, 

S.    W.,    England;    mailing    address,     "The    Cottage,"    French    St.,    Sunbury    on 

Thames. 
COX,    G.    E.     (Apr.    3,    '02)    Supt.    Union    Carbide    Works;    res.,    315    Buffalo    Ave., 

Niagara  Falls,   N.    Y 
COYLE,   John  A.    (Sept.    23.   '12)    418   North   St.   Clair  St.,   Pittsburgh,   Pa. 
CRABTREE,    Prof.   Fred.    (May   29,   '09)    Prof,    of  Metallurgy   and   Mining,   Carnegie 

Technical   Schools,   Pittsburgh,   Pa. 
CRAFTS,  Walter  N.    (Aug.   25,  '11)   President,   Crucible  Steel  Forge  Co.,   Cleveland, 

Ohio;    res.,    Oberlin,    Ohio. 
CRANE,    F.    D.     (Oct.    29,    'OS)    Research    Chemist.    Rynduer    Sci.    Labs.,    Monticello, 

N.    Y. ;   mailing  address,    28   Hillside  Ave..   Montclair,    N.   J. 
CREAGH,    Edric    Collingwood    (Sept.    26,    '08)    McHenry    St.,    St.    Kilda,    Melbourne, 

Victoria,    Australia. 
CREIGHTON,    Elmer   E.    F.    (Apr.    3,    '02)    South    College,    Union   College,    Schenec- 
tady,  N.   Y. 
CRIDER,   J.   S.    (May  9,  '03)   Gen.   Mgr..   National   Carbon  Co.,   Cleveland.   Ohio. 
CRIM,    L.    P.    (Jan.    29,    '09)    c   o   Pacific   Tel.    &    Tel.    Co.,    731    Henry   Bldg,    Seattle, 

Washington. 
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CROCKER,   Dr.    F.   B.    (Nov.    0,   '02)    Prof,    of   Elec.    Eng.,    Columbia  Univ.;    res.,    14 

W.  45th  St.,  New  York. 
CROCKER,  Jas.  R.    (Feb.   25,   '11)   res.,   202  W.   79th  St.,   New  York  City. 
CROSBY    E    L    (Dec    28,   '12)   Sales  Engineer,    1>>   Washington  Blvd.,   Detroit,   Mich. 
CROWELL,   William  J.,   Jr.    (Mar.    26,   '10)    Gas  and   Test   Engineer,    American   Iron 

and   Steel   Mfg.   Co.,    Lebanon.    Pa 
CRUMBIE,    Wm.    D.    (Nov.    26,    '07)    Chemist,    U.    S.    Appraiser's    Dept.,    New    York 

City;    mailing   address,    146    Washington    St..    E.    Orange,    N.    J. 
CUMMINGS,   William  J.    (Dec.    31,   '09)    Chief   Engineer,    E.   I.   du   Pont   Powder  Co., 

Haskell,    N.   J. 
CUNNINGHAM,    Frederick  Wm.    (Dec.    29,   '11  i    Engineer   Lamp   Development   Lab., 

General   Elec.   Co..    Harrison.   N.   J.;    32    Webster   Place,    Orange,   N.    J. 
CURRAN,    Thos.    F.   V.    (Nov.    2S,    '13)    Mohawk    Bldg.,    160    Fifth   Ave.,    New    York 

City. 
CUSHING,    H.    M.    (May    27,    '14)    Local    Engineer.    General    Elec.    Co.,    Schenectady, 

N.   Y. ;'  mailing  address,   R.   D.   No.    1,   Williamsville,    N.    Y. 
CUSHMAN,   A.   S.    (June  1,   '07)    The  Inst,   of  Industrial   Research,    19th  and   B  Sts., 

N.   W.,   Washington,   D.  C. :   res..   1751    X   Street. 
CUTTS,  V.  O.    (June  27,  '13)   Electrometallurgist,  Town  Hall  Chambers,   87  Fargate, 

Sheffield,   England. 
DABOLT,   Newton  E.    (Apr.    26,   '131    No.    2    North   8   Ave.,   Mt.   Vernon,    N.   Y. 
DAFT,    Leo    (Mar.    27,   '09)    Consulting    Electrical    Engineer,    Rutherford,    N.    J. 
DALBURG.    F.    A.    (May    29.    '09)    Ralston.    Pa. 

DANFORTH,    Chas.   W.    (May   29,   '091    Box   269.    Youngstown,    Ohio. 
DAPPLES,    Alfred    (Oct.    29,    'OS)    Bussi    Afficienne,    Aguila,    Italy. 

DAVENPORT,   Jos.   P.    (Nov.   2S.  '13)   Chemist.    136   Jefferson  Ave.,   Elizabeth.    N.   J. 
DAVIS,  D.   L.    (Aug.   7,  '02)    Supt.   The   Salem   Elec.   L.   and  P.   Co.;   res.,    299   Lincoln 

Ave.,   Salem,   Ohio. 
DAVIS,    F.    W.     (May    24,    '13)     Asst.    Chemist,    Alan    Wood    Iron    and    Steel    Co., 

3436   N.    21st   St.,   Philadelphia,    Pa. 
DAVIS,    R.   W.,    Jr.    (Feb.    27,   '09)    2505   S.   Garnet   St.,   Philadelphia,    Pa. 
DAVIS,    Stewart   A.    (Jan.    29,    '09)    Vice-President,    Amer.    Sheet   Steel    &    Tin    Plate 

Co.,  Frick  Bldg.,  Pittsburgh.   Pa. 
DEACON,    Ralph   W.    (May   5,    '10)    Supt..    United   State*   Metals    Ref.    Co.,    Chrome, 

New    Jersey. 
DE  BEERS,   F.   M.    (May   29,   '09)    Pies.   &   Gen.    Mgr.,    Swenson   Evaporator  Co.,    945 

Monadnock  Bldg.,    Chicago,    111. 
DEEDS,    E.    A.     (Nov.    6,    '02)    Asst.    Gen.    Mgr.,    National    Cash    Register    Co.,    319 

Central  Ave.,   Dayton,   Ohio. 
DE   GEOFROY,    Antoine    (Jan.    23,    '13)    1617   I   St..   Washington,   D.   C. 
DE    JOANNIS,    Harry    (May    22,    '14)    Managing    Editor,    -'Brass   World    &    Platers' 

Guide,"    Bridgeport,    Conn. 
DE  MEDEIROS,   Trajano    (Jan.   29,  '10)   Rua  de  Sao  Jose,   No.   76,   Rio  De  Janeiro, 

Brazil. 
DE  NEUFVILLE,  Dr.  R.   (Feb,  5,  '03)  Junghofstrasse  14.  Frankfort  a/M.   Germany. 
DESHLER,    Geo.   O.    (Oct.   24.   '13)    Mill    Foreman.   Bingham  Canyon,   Utah;    mailing 

address,  c/o  Bingham-New  Haven  Mining  Co..   Utah. 
DE   SOUZA,    Edgard   (Dec.   31,  '09)   Chief  Electrical   Engineer,   The  S.   Paulo   Tram- 
way  Light   and  Power  Co.,    Ltd.,    S.    Paulo,    Brazil;    mailing  address.    Caixa    162. 
DEVEREUX,     "Washington     (Jan.     6.     '06)      Inspector.      Phila.     Fire     Underwriters' 

Association,    1625    N.    29th    St.,    Philadelphia,    Pa. 
DETERS,    Philip    K.     (Jan.    27,    '12)    Research    Engineer.    Res.    Lab.,    The    General 

Electric   Co..   West   Lynn.    Mass.:    res.,    30   Hanover   St..    Lynn   Mass. 
DEWEY,    Bradley    (Jan.    2S,    'ID    Director   Research   Laboratory,    Am.    Sheet    &   Tin 

Plate  Co.,   210  Semple  St.,   Oakland.   Pittsburgh,   Fa. 
DEWEY.    Edwin    S.    (Dec.    26,   '13)    Foreman,    Balbach    Smelt.    &    Ref.    Co.,    Newark, 

N.   J.;   mailing  address,    10   S.    12   St 
DEWEY,    F.    P.    (Apr.    2,    '04)    1801    Summit   Place,    Washington.   D.    C. 
DIACK.  Archibald  W.    (July   21,   '11)    Diack   &   Smith.    49   West   Larned   St..    Detroit, 

Mich. 
DIAZ-OSSA,    Prof.    Belisario    (June    25,    '09)     Prof,    of    Technology,    University    of 

Chile,  Casilla  No.   962,   Santiago.   Chile,   South  America. 
DICKSON,   Archibald  A.   C.    (Mar.   27,   '09)    Consult.    Engr.,   East   India   Railway   Co., 

Re.iouli  P.   O..  via  Newadah.   Gaya  District.   India. 
DILLER,    Harry   E.    (Mar.    26,    '10)    Chief   of   Testing   Laboratory,    General    Electric 

Co.,   Erie.   Pa. 
DIXON,    Jos.    L.     (Oct.    23.    '14)    Electric    Furnace    Engineer,    John    A.    Crowles    Co., 

New  York   City;   mailing  address,    120   Liberty   St. 
DODGE.   Col.   David   C.    (Apr.    29,   'ID    1654   Broadway,   Denver.   Colo. 
DOERFLINGER,    Wm.    F.    (July   3,   '02)    Perry   Austin   Mfg.    Co.,    Grasmere,    Staten 

Island.    New   York   City. 
DOERSCHUK,  Victor  C.    (Apr.   29,   'ID   Maryville.   Tenn. 

DONKIN,    Wm.    A.    (May    26,    '10)    General    Contracting   Agent,    Allegheny    County 

Light   Co.,    435    6th   Ave.,    Pittsburgh,    Pa.:    res.,    217    Race    St.,    Edgewood,    Pa. 

DOOLITTLE.   C.   E.    (May   9.   '03)    Consulting  Hyd.   &   Elec.   Engr..   V.-Pres.   &   Gen. 

Mgr.,   The   Roaring  Fork  Elec.   Light  and   Power  Co.,   Aspen   Col. 
DOREMUS,   Dr.   Chas.   A.    (Apr.   3,   '02)    55   W.    53d   St.,   New  York   City. 
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D'ORXELLAS,   Thomas  V.    (Nov.    21,   '08)    El.    Eng.,   Peruvian  Govt.,   Calle  de   Lima 

15,   Charrillos,   Lima,   Peru,    S.   A. 
DORR,   J.   V.    X.    (Nov.    28,    '13)    Pres.,   The  Dorr   Cyanide   Machinery   Co.,    733   First 

Nat.    Bank    Bldg.,    Denver,    Colo. 
DORSEY,   H.  G.    (Oct.   3,  '12)   c   o  The  National  Cash  Register  Co.,   Dayton,   Ohio. 
DOTY,    Ernest    L.    (Sept.    26,    '0S>    Dist.    Eng.,    Westinghouse    El.    &    Mfg.    Co.,    786 

Ellicott   Square,    Buffalo.    N.    Y. 
DOUGHERTY,    John    W.     (Feb.    27,    '09)    President,    Pittsburgh    Crucible    Steel    Co., 

Pittsburgh,  Pa. 
DOUGLAS,    J.    (Nov.    27,    "09)    The   Phelps-Dodge   Co.,    99   John   St.,    New   York   City. 
DOW,    Herbert   H.    (Apr.    3,   '02)    Midland,    Mich. 

DOWNES,   Arthur  C.    (July   30,   '09)    Chemist,    National   Carbon   Co.,   Fostoria,   Ohio. 
DRAEGER,    A.    Bernhard    (Nov.    26,    '07)    Draeger   Werke,    Lubeck,    Germany. 
DRAKE,  Francis  E.    (June  6,  '03)   16  rue  Halevy,   Paris,   France. 
DREYFUS,    Dr.    Wm.     (Dec.    4,    '02)    Chem.    and    Mgr.,    West    Disinfecting    Co.,    57 

E.    96th   St.,    New   York   City. 
DROBEGG,    Dr.    Gustave    (Jan.    8,    '03)    care    of    Synfleur    Scientific    Laboratories, 

Monticello,   N.   Y. 
DRYER,    Ervin    (Sept.   4,   '03)    Peoples   Gas  Bldg.,   Chicago,    111. 

DUDLEY,   Boyd    (Nov.   2S,   '13)   Instructor,   Penna.   State  College,   State  College,   Pa. 
DuFAUR,    J.    B.    (June    1,    '07)    The   Radium   Hill   Co.,    Cutana,    via   Petersburg,    So. 

Australia. 
DUNCAN,   Dr.   Louis    (Sept.    4,   '03)    Consult.    Elec.    Eng.,    55   Liberty   St.,    New   York. 
DUNCAN.    Thos.    (Nov.    6,    '03  1    Yiee-Pres,    and   Gen.    Mgr.,    Duncan    Elec.    Mfg.    Co., 

317   S.    6th  St.,   LaFayette,   Ind. 
DUNLAP,     Orrin    E.     (July     31,     '08)     Sec'y,     Int.     Acheson    Graphite    Co.,     Niagara 

Falls,   N.  Y. 
DUNN,  J.   J.    (Feb.   25,  '11)   General   Supt.   and  Chief  Engr.,    Shelby  Steel   Tube  Co., 

Elwood  City,    Pa. 
DUNNINGTON,    Prof.    E.    P.    (Apr.    6.    'ID    Professor    of   Analytical    and    Industrial 

Chemistry,   University   of  Virginia.   University,    Va.  , 

DU   PONT,   Irenee    (Apr.   24,   '09)    V.    Pres.,   E.    I.   du   Pont  de   Nemours   Powder   Co., 

Wilmington,   Del. 
DU   PONT,   Pierre   S.    (Jan.   29,   '09)   Treas.,   E.   I.   du  Pont  de   Nemours   Powder  Co., 

Wilmington,   Del. 
DUSCHAK,   L.   H.    (June  25,  '09)   U.   S.   Bureau  of  Mines,   506  U.   S.   Custom   House, 

San  Francisco,  Cal. 
DUSHMAN,     Saul     (June     25,     '09)     Research     Laboratory,     General     Electric     Co., 

Schenectady,    N.    Y. 
DWIGHT,    Arthur   S.    (Feb.    26,   '10)    Consulting,    Mining   and   Met.    Eng.,    29    Broad- 

wav.   New  York  City. 
DYRSSEN,  W.    (Jan.    2:5,   '14  )    Metallurgist,   237   S.   New   St.,   Bethlehem.   Pa. 
EAGLE.   Henry   Y.    (Nov.    30,   '12)    221   West   Third   St.,   Anaconda.    Mont. 
EASTMAN,    Herbert   C.    (May    5,   '10)    Manager  and   Owner  and   Operator   of   Mines. 

TIM- 720    Equitable   Bldg..    Denver,    Col. 
EDE.   Joseph  A.    (Oct.   29,  '10 1   Consulting  Mining  Eng.,   Illinois  Zinc  Co.,   La  Salle, 

111. 
EDISON,   Thos.  A.    (Apr.   4,  '03)   Orange.   N.   J. 

EDMANDS,   I.   R.    (Aug.   7,   '02)   Union   Carbide   Co.,   Niagara  Falls,   N.   Y. 
EDSTROM,     J.     Sigfrid     (Nov.     5,     '04)     Managing     Dir.,     General     Electric     Co.     of 

Sweden,    Vesteras,    Sweden. 
ELGIN.  Wm.   C.  L.    (July  1,  '04)   Elec.   Eng.,   235  S.   42d  St.,   Philadelphia.   Pa. 
EIMER.    A.     (Dec.    4.    '02)    Eimer    &    Amend,    205-211    Third    Ave.,    New    York    City, 
EKELEY,  John  Bt   (Feb.  21,  '13)  Prof,  of  Chemistry,  Univ.  of  Colo.,  Boulder,  Colo.; 

res.,    525    Highland   Ave. 
ELLIOT,   Arthur   H.    (Apr.    3,    '02)    Chemists'    Club,    52   E.    41st   St.,    New   York   City. 
ELLIS,    Carleton    (Jan.    23,    '14)    Industrial    Res.    Chemist,    143    Gates    Ave.,    Mont- 

clair,  N.  J. 
ELWELL,    C.    F.    (May    27,    '11)    85    Kings    Hall    Road,    Beckenham,    Kent,    London, 

England. 
ELY,  Theodore  N.   (Apr.  3,  '02)  Bryn  Mawr.  Pa. 

EMANUEL,   Louis  V.    (Oct.    17,   '07)    165    Rector   St.,   Perth  Amboy.    N.    J. 
EMERSON,   Harrington    (Feb.    25.   '11)    President,    The  Emerson   Co.,    30   Church   St., 

New  York  City. 
EMERY,  A.   L.    (Apr.   3,  '02)   Smith,   Emery  &  Co.,  Chem.   and  Met.   Engs.,   Howard 

and   Hawthorne   Sts.,    San   Francisco,    Cal. 
EMERY,  W.   L.    (Sept.   26,  '08)   Foreman  of  Meter  Dcpt..  Utah  Lt.   &  Ry.   Co.;   mail- 
ing address,   43  N.   7th  West   St.,   Salt  Lake   City.   Utah. 
ENGLE.    Horace   M.    (Aug.    31,    '07)    The    Southern    Development    Co.,    Terry    Bldg., 

Roanoke,    Ya. 
ENGLEHARD,    Chas.    (May    29.    '09)    President,    American    Platinum   Works,    New- 
ark.    N.    J.;     mailing    address,     Hudson    Terminal    Bldg.,     30     Church    St.,     New- 
York  City. 
ENGLEHARDT,    Victor    (Deo.    4,    '02)    Charlottenbui  g,    Oranienstrasse,    18,    3,    Ger- 
many. 
EN   HOLM.    O.    A.    (Nov.    28,    '13)    449   W.    163   St..    New   York   City. 
ERHART.  W.   H.    (Dec.   27,  '07)    11   Bartlett  St.,  Brooklyn,  N.   Y. 
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ERICSON,    Eric   J.    (Oct.    24,    '13)    Chief    Chemist,    Edgar    Zinc    Co.,    819    Merchants 

Laclede  Bldg.,   St.   Louis,   Mo. 
ERNEST,   Dr.   Thos.   R.    (May   27,  '11)    725   First   National   Bank   Bldg.,   Chicago,   111. 
EURICH,    E.    F.     (Nov.    27,    '09)     Mining    and    Metallurgical    Engineer,     15    William 

St.,   New  York  City;    res.,    Montclair,   N.   J. 
EUSTIS,   Agustus  H.    (Dec.   31,   '09)    Mining   Engineer,   131   State   St.,   Boston,   Mass 
EVANS,    H.    S.    (Apr.   3,   '02)    Prof.    Elec.    Eng.,    Univ.   of  Col.,    Boulder,   Col. 
EVANS,   J.  W.    (Apr.   3,  '02)    Belleville,   Ontario,   Canada. 
EVERETTE,     Dr.  '  Willis     E.      (July     30,     '09)     Consulting     Chemical     and     Mining 

Engineer,    Tacoma,   Wash. 
EWIN,  Jas.   L.    (Nov.   6,  '02)   Patent  Solicitor,   900   F.   St..    N.   W.,  Washington,  D.   C. 
FALTER,   Philip  H.    (Aug.    25,   '11)   c/o  Aluminum   Co.    of  America,   Massena,    N.   Y. 
FARNHAM,    Frederick  F.    (May   26,   '10)   Chemist,   c/o  National   Metal   Molding   Co., 

Ambridge,   Penna. 
FATTINGER,    Dr.   Franz    (Mar.    23,   '12)    Treibach,   Carinthia,   Austria. 
FAWCETT,    Lewis    H.     (May    25,    '12)    Chemist,    American    Vanadium    Co.,    Crofton, 

Penna. 
FAWCETT,    Percy    (Sept.    25,    '09)    Director,    Thomas   Firth   &    Sons,    Ltd.,    Sheffield. 

England. 
FEHNEL,    J.    Wm.    (June    26,    '14)    603    N.    Main    St.,    Bethlehem,    Pa. 
FENOUGHTY,   William   H.    (Mar.    23,   '12)    321   N.   Jackson   St.,   Belleville,   111. 
FERNAU,     H.     C.     (July    25,    '13)     Supt.     Nos.     1    and    2     Chem.     Plants,     Industrial 

Chem.   Co.,   Tyrone,   Pa. 
FERNBERGER,   H.   M.    (Jan.    8,   '04)    66   Millington   Ave.,    Newark,   N.   J. 
FERRY,     Chas.     (June     12,     '11)     Metallurgist,     Bridgeport    Brass    Co.,     Bridgeport, 

Conn. 
FICHTER-BERNOULLI,     Prof.     Dr.    F.     (Nov.     26,    '07)     35     Neubadstrasse,     Basel, 

Switzerland. 
FINCKH,   Dr.   Carl    (Apr.   24,   '14)   Asst.   Director,   Deutsche  Gasgliihlicht  Aktienge- 

sellschaft    (Auergesellschaft)    Rotherstrasse    20/23,    Berlin    0.17,    Germany. 
FINK,    Dr.    Colin   G.    (Nov.    26,   '07)    Research    Chemist,    General   Electric   Co.,    Har- 
rison,  N.  J. 
FISCHER,    Siegfried    (Feb.    25,   '11)    Instructor  in   Metallurgy,    Lehigh   Univ.,    South 

Bethlehem,   Pa.;  res.,   313  Cherokee  St. 
FISHER,    Henry   W.    (May    26,    '10)    Chief   Engineer,    Standard    Underground   Cable 

Co.,    Perth   Amboy,    N.   J. 
FITZ  GERALD,   F.  A.  J.    (Apr.   3,   '02)   The  FitzGerald  Laboratories,   Inc.,   Highland 

and  Whirlpool  Aves.,   Niagara  Falls,   N.   Y. 
FITZ  GIBBON.   R.    (Apr.   3,  '02)    16   Alice  Court,   Brooklyn,    N.   Y. 
FLANNERY,   Jas.   J.    (May   26,   '10)    President,   American   Vanadium   Co.,    325   Frick 

Bldg.,   Pittsburgh,   Pa. 
FLEMING,    Edw.    P.    (Nov.    24,   '11)    Fundicion   de   Guayacan,    Coquimbo,    Chile,    So. 

America. 
FLEMING,   R.    (Apr.    2,   '02)   Westfield,    New   Jersey. 

FLEMING,   S.   H.    (Nov.   26,   '10)   Research   Laboratory,   National  Carbon   Co.,   Cleve- 
land,  Ohio. 
FLIESS.   R.   A.    (Sept.    4,   '02)    99   Claremont   Ave.,    New    York   City. 
FLOWERS,    Alan    E.    (Oct.    29,    '08)    Ohio    State   University.    Electrical    Engineering 

Dept.,    Columbus,    Ohio. 
FOERSTERLING,   Dr.   Hans   (Apr.   3,   '02)   Roessler  &  Hasslacher  Chem.   Co.,   Perth 

Amboy,  N.  J. 
FOLEY,   Chas.   B.    (July   25,   '13)    Elec,   and   Met.    Engineer.    National    Cash    Register 

Co.,  Dayton,  Ohio;   res.,   120  Volkenans  St. 
FOLK,    Geo.    E.    (Sept.    25,    '09)    Patent    Lawyer,    Barton    &    Folk,    1445    Monadnock 

Bldg.,   Chicago,    111. 
FOOTE,    Arthur   DeWint    (Feb.    27,    '09)    Superintendent,    North    Star    Mines,    Gra*s 

Valley,   Cal. 
FORCHHEIMER,    Dr.    Phil.    J.    (Dec.    26,   '13)    Tech.    Director,    Gesellschaft    Eletro- 

metallurgie,   20   Bucherstrasse,   Nurnberg,   Germany. 
FORSSELL,   Dr.   J.    (June   1,   '071    70    A   Karlbergsvaegen,    Stockholm.    Sweden. 
FOSTER,    Oscar   R.    (Apr.    30,   '08)    Chemistry   Teacher,    203    Eighth   Ave.,    Brooklyn, 

New  York. 
FOUST,   Thos.   B.    (Jan.   29,   '09)   College  and   4th   Sts.,   Clarksville.   Tenn. 
FOWLER,    R.    E.    (Nov.    6,    '03)    Chemist,    The    National    Electrolytic    Co.,    Niagara 

Falls,    N.   Y. 
FOWLER,   Samuel  S.    (Apr.   3,   '02)   Min.   Eng.,   P.   O.   Drawer  1024.   Nelson,   B.   C. 
FRALEY,    Jos.    C.     (Apr.     3,    '02)     Attorney-at-Law,     1S15    Land    Title    Bldg.;    res.. 

1833    Pine    St.,    Philadelphia,    Pa. 
FRANK,    Karl    G.     (Feb.    27,    '09)    Siemens    &    Halske,    A.    G..    West    St.    Bldg.     (90 

West   St.)    Room   40S,    New  York   City. 
FRANKLIN,   Milton  W.    (May   29,   '09)    Sprague   Elec.   Works,    Bloomfield,    N.    J. 
FRANKLIN,   Prof.   W.    S.    (Mar.    4,   '05)    Professor   of  Physics.    Lehigh   Univ.,    South 

Bethlehem,    Pa. 
FRARY,     Francis     C.      (Aug.     31,     '07)     Asst.     Prof,     of     Chemistry,     University     of 

Minnesota,   Minneapolis,   Minn. 
FREAS.     Thos.     B.     (Oct.     29,     '10)     Havemeyer    Hall,     Columbia    University,     New 

York  City. 
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FREDERICK,   Geo.   E.,  Jr.    (Jan.   29,  '09)   Mgr.,  Arnold  Hoffman  Co.,  P.   O.  Box  762, 

New  York  City. 
FREEMAN,    Gay   N.    (July   30,    '09)    Assayer  and   Analytical    Chemist,    Thermopolis, 

Wyoming. 
FRICKEY,    Royal    E.     (Sept.    20,    '11)    Electrical    Engr.,     Nobel    Electric    Steel    Co., 
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HIORTH,    Frederick    V.    L.     (Dec.    26,    '07)    Electrochem.    Eng.,    Josefinegade    19,    I, 

Christiania,  Norway. 
HIRSCH,  Alcan   (June  29,   '07)   Consulting  Chemical   Engineer,    50    E.   41st   St.,   New 

York  City. 
HIRSCHLAND,    Franz    H.,    Dr.    Ing.     (Dec.    27,    '07)    Mgr.    Goldschmidt    Chem.    Co., 

60   Wall   St.,   New   York  City. 
HITCHCOCK,   Fanny   R.   M.    (May   1,   '06)    4038   Walnut  St.,   Philadelphia,   Pa. 
HITCHCOCK,   Prof.   Geo.   G.    (July   1,    '04)    Claremont,   Cal. 
HITCHCOCK,   Halbert  K.    (Oct.   2,  '02)   5710  Bartlett  St.,   Pittsburgh,   Pa. 
HITE,   B.   H.    (Apr.   4,   '03)   W.   Va.   Exp.   Station,   Morgantown,   W.   Va. 
HOBBLE,  Arthur  C.    (Nov.   6,  '03)   care  of  S.   Pearson  &  Son,   Santa  Rosalia,   Chih., 

Mexico. 
HOFFMAN,   Rudolf   (Dec.   26,  '08)   Prof,   of  Metallurgy,   Kgl.   Bergakademie,    Claus- 

thal,    Germany;    mailing  address,    221    Bergstrasse. 
HOGABOOM,   Geo.   B.    (Feb.   25,   '11)   Electroplater,   P.   &  F.   Corbin  Division  Amer- 
ican   Hardware    Corp.,    New    Britain,    Conn.;    Box    402,    New    Britain. 
HOGE,    J.    F.   D.    (Apr.    6,   'ID    Development    Engineer,    Amer.    Dist.    Teleg.    Co..    155 

E.   23d  St.,   New  York  City;   res.,   509  W.   121st  St.,   New  York  City. 
HOLDSTEIN,   Leon   Stuart    (Sept.    28,   '12)    N.   J.   Zinc   Co.,    Palmerton,    Pa.;    mailing 

address,    424    Columbia    Ave.,    Palmerton,    Pa. 
HOLMES,   Major  E.    (Res.   Chemist)   Nat.   Carbon   Co.;   mailing  address,    1426   Lake- 
wood  Ave.,   Cleveland,   Ohio. 
HOLMGREN,    Torsten   F.    (Sept.    28,   '12)    Trollhaettan,    Sweden. 
HOLTON,   Fred.   A.    (Apr.    2,   '04)   Chemist  in   Patent   Causes,    700    Tenth    St.,    X.    \\\. 

Washington,    D.    C. 
HOLTZENDORFF,    Preston   W.    (Sept.    20,   'ID    Chief   Chemist,    The   Department    of 

Health,    418-419    Memphis    Trust    Bldg.,     Memphis,    Tenn.  ;     res.,     1340    Madison 

Ave. 
HOMAN,    John   G.    (Oct.    27,    'ID    Research    Engr.,    Follansbee   Bros.    Co.,    Box    350, 

Steubenville,   Ohio. 
HONEY,    Wm.     (May    1,     '07)     Engineer    in    charge,     Gen.     Station,     Tequisquiapan, 

Queretaro,   Mexico. 
HOOKER,    Albert    H.    (Feb.    27,    '09)    Hooker    Electrochemical    Co.,    Niagara    Falls, 

N.  Y. 
HOPKINS,    Geo.    A.    (Feb.    25,   'ID    Metallurgist,    Carnegie   Steel   Co.,    Munhall.    Pa.; 

res.,  464  Swissvale  Ave.,   Wilkinsburg.   Pa. 
HORNOR,    H.    A.     (Feb.     27,    '09)     Electrical    Engr.,     The    New    York    Shipbuilding 

Co.,   Camden,   N.   J.;   mailing  address,   Hamilton  Court,    Philadelphia. 
HORNSEY,  John  W.    (Msfy  5,  '10)    Searles,   Cal. 

HORRY,   Wm.    S.    (Feb.    5,    '03)    Cons.    Lake   Sup.   Power   Co.,    Niagara   Falls,    N.   Y. 
HORSCH,    Wm.    G.    (Apr.    26,    '13)    Assistant,    Mass.    Inst,    of   Tech.,    Boston,    Mass.; 

res.,    11   Summit   Place,    Newburyport.    Mass. 
HOSHINA,     Tadashi     (June     25.     '10)     Patent     Examiner,     Imperial     Patent     Office, 

Tokyo,   Japan;   res.,    26   Nijiki  machi,   Ushigome   Ku,    Tokyo,   Japan. 
HOSKINS,   Wm.    (Apr.    3,   '02)    Suite   2009,   Harris  Trust   Bldg.,    Ill   W.    Monroe    St.. 

Chicago,   111. 
HOUGH,    Arthur    (May    1,    '06)    The   Detonite    Explosives,    Ltd.,    400    St.    James    St., 

Montreal,    Canada. 
HOWARD,  Geo.  M.    (Apr.  3,  '02)   Elec.  Stor.  Bat.  Co.,   19th  St.  and  Allegheny  Ave  . 

Philadelphia,    Pa. 
HOWARD,   Henry    (Apr.    3,   '02)    36   Amory   St..    Brookline,    Mass. 

HOWARD,    L.   E.    (May   29,    '09)    c/o   Simonds   Mfg.    Co.,    Lockport.    N.    Y. :    res.,    215 
Niagara  St. 
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HOWARD,    Prof.    S.   Francis    (Apr.   3,   '02)    Prof,    of  Chem.,    Norwich   Univ.,    North- 
field,   Vermont. 

HOWE,    Prof.    Henry    M.     (Aug.    7,    '02)     Professor    of    Metallurgy,    Columbia    Uni- 
versity,  New  York  City;   res.,   Broad  Brook  Road,   Bedford   Hills,    N.   Y. 

HUBLET,   Warren   P.    (May   24,   '13)    Pres.,   American   Transformer   Co.,    145    Miller 
St.,    Newark,    N.   J. 

HUDSON,    Arthur   J.    (Nov.    26,    '07)    Patent   Attorney,    1228    Citizens    Bldg.,    Cleve- 
land, Ohio. 

HUFPARD,    Jno.    B.    (Sept.    23,    '09)    Metallurgist,    Electro-Metallurgical    Co.,    Glen 
Ferris,   W.   Va. 

HULETT,   Geo.   A.    (Apr.   2,   '04)   Univ.   of  Princeton,   Princeton,   N.   J. 

HUMBERT,   Ernest  P.    (Mar.   27,  '09)   c/o  Electrode  Co.  of  America,   Niagara  Falls. 
N.   Y. 

HUNGERFORD,     Oliver    T.     (Jan.     29,    '09)     General    Manager,     Dielectric    Co.     of 
America,   Belleville,    N.   J. 

HUNT,   A.   M.    (Apr.   3,  '02)   Consult.   Eng.,   14   Montgomery  St.,   San  Francisco,   Cal. 

HUNTER,   J.  Vincent   (Jan.   28,   '11)   Gen.  Foreman  of  Shops,   Twin   Cities  St.   Rail- 
ways Co.;   mailing  address,   152   Arthur  Ave.,   Minneapolis,   Minn. 

HUNTER,   M.  A.    (Apr.   29,  'ID   Assistant  Professor,   Physics  and   Electrochemistry, 
Rensselaer   Polytechnic    Institute,    Troy,    N.    Y.;    res.,    g    Whitman   Court. 

HUNTOON,   Louis  D.    (May   27,   '14)    115   Broadway,    New  York  City. 

HUTCHINGS,    Chas.    F.    (June    27,   '13)    Gen.    Mgr.    North    American   Chemical    Co.. 
Bay   City,   Mich.  , 

HUTCHINGS,   James  T.    (Sept.   26,   '08)   Asst.   Gen.   Mgr.,    Rochester  Ry.   &   Lt.   Co., 
Rochester,  N.  Y. 

HYDE,  Edward  P.    (Oct.  29,  '08)   Director.   Nela  Res.   Lab.,   National  Lamp  Wks.  of 
General  "Electric  Co.,   Nela  Park,   Cleveland,   Ohio. 

IMLAY,    Lorin    E.    (Dec.    31,    '09)    Superintendent,    The    Niagara    Falls    Power    Co., 
Niagara  Falls,  N.  Y. 

INGALLS,    Walter   Renton    (June    29,    '07)    10th    Ave.    at    36th   St..    New    York    City. 

INSLEE,   Joseph  Adams    (Mar.    23,   '12)    Engineer  &   Assistant   Manager,   Andes   Tin 
Co.,   Casilla  378,   La  Paz,   Bolivia,   South  America. 

IRVING,    Thos.    C,   Jr.    (Apr.    29,   '11)    Consulting   Engr.,    R.   W.    Hunt   &   Co.,    Ltd., 
1314  Traders  Bank  Bldg.,  Toronto,  Canada. 

ISAKOVICS,    Alois   von    (Apr.    3,    '02)    Proprietor,    Synfleur    Scientific    Laboratories, 
Monticello,  N.  Y. 

IWAI,     Kyosuke     (May    26,    '10)     Metallurgist,    Yoshinotani    Coal     Mining    Co.,     31 
Akashicho,   Tsukiji,   Tokyo,   Japan. 

JACKSON,    Alf.    Geo.     (July     30,    '09)     Manager,     Synchronome    Electrical    Co.     of 
Australasia,    Ltd. ;   res.,    65   Ann    St.,    Brisbane,    Queensland,    Australia. 

JACOBS,   Francis   A.    (Mar.    23,   '12)    129   Mill   St.,   Montreal,   Canada. 

JACOBSEN,    Fredrik    (Sept.    24,    '10)    Consulting    Engineer,    Kleven    22,    Stavanger. 
Norway. 

JAMES,   Edgar  T.    (Apr.   27,   '12)   Chemist,   Carnegie   Steel  Co.,   Munhall,   Pa. 

JAMES,    Dr.    J.    H.    (Apr.    3,    '02)    Chem.    Dept.,    Carnegie    Technical    School,    Pitts- 
burgh, Pa. 

JENISTA,    Prof.    Geo.    J.    (Sept.    24,    '10)    Professor    of   Electrical    Engineering,    De 
Paul    University,    Chicago,    111.:    mailing   address.    1010    Webster   Ave. 

JENKINS,    C.   Francis    (Mar.    27,   '09)    Mech.    Eng.,    Single   Service   Pkg.    Corp.,    1808 
Park  Rd.,   Washington,   D.   C. 

JENKINS,   D.   J.    (May   29,   '09)    Electrical   Engineer,   Solvay  Lodge,    Detroit,    Mich. 

JENNINGS,    Edward   P.    (Feb.   27,   '09)    Consulting   Engineer,    Salt   Lake   City,    Utah. 

JENNISON,    Herbert    C.    (Feb.    29,    '08)    with    the    American    Brass    Mfg.    Co.,    An- 
sonia,  Conn.;  mailing  address,  P.  O.  Box  600. 

JEPPSON,   Geo.   N.    (Sept.   4,   '02)   Norton  Co.,   Worcester,   Mass. 

JOHANSEN,   G.   H.    (Aug.    27,   '10)   Ovre  Slotsgate   11,    Kristiania,   Norway. 

JOHNS,    Morgan    J.     (June    25,    '09)    c/o    Mount    Morgan    Gold    Mining    Co.,    Mount 
Morgan,  Queensland,  Australia. 

JOHNSON,    Arden    R.    (June    2,    06)    4313    Lincoln    Ave.,    Chicago.    111. 

JOHNSON,   Joseph   A.    (May   25,   '12)    Electrical   Engineer,   Ontario   Power  Co.,   Box 
333,  Niagara  Falls.  N.  Y. 

JOHNSON,   Woolsev   McA.    (Apr.    3,   '02)    69  Vernon   St.,   Hartford,   Conn. 

JOHNSTON,    Frederick   A.    (Apr.    24,   '09)    Supt.,    Assay   and   Metallurgical   Division, 
The  S.   S.   White  Dental   Mfg.   Co.,   Prince  Bay,   N.   Y. 

JOHNSTON,    Wm.    A.    (Oct.    10,   '03)    Supt.    of   Mfg.,    S.    S.   White   Dental   Mfg.    Co., 
Prince  Bay,   S.   I.,   N.  Y. 

JONES,    George    H.     (Oct.    29,    '10)    Power    Engineer,    Commonwealth    Edison    Co., 
Chicago,   111.;   res.,   279   Keystone  Ave..   River  Forest,   111.      (Oak  Park,   P.   O.) 

JONES,    Grinell    (Nov.    26.   '10)    res.,    39   Elbery   St..   Cambridge,    Mass. 

JONES,    Harold    (May    29,    '09)    Metallurgist,    The    St.    John    del   Rey   Gold    Mining 
Co.,   Villa   Nova   de   Lima,    Minas   Geraes.    Brazil. 

JOYCE,    Clarence   M.    (May    1,    '06)    c/o   J.    Merritt    Mathews,    50    E.    41st    St.,    New- 
York  City. 

JULIUS,   G.    A.    (Oct.    27,   'ID    Consulting  Engineer,    Norwich   Chambers,   56   Hunter 
St.,   Sydney,   N.  S.   W.,   Australia. 
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KAHLEXBERG,    Louis,    Ph.D.    (Apr.    3,   '02)    Prof,    of   Phys.    Chem.,    Univ.   of  Wis., 

Madison,   Wis.;   res.,   234   Lathrop  St. 
KALMUS,   Herbert  T.    (May   25,   '12)   Prof,   of  Electrochemistry,    Queens   University, 

Kingston,    Ontario,    Canada. 
KAMMERER,    Jacob    A.    (Oct.    28,    '09)    President    and    Gen.    Mgr.,    Wood   Products 

Co.   of  Canada,    Toronto,   Canada;   res.,,    87   Jameson   Av<. 
KANEKO,    Kiosuke,    (Sept.    27,    '13)    Prof,    of   Met.,    Akita   School    of   Mines,    Akita, 

Japan. 
KARR,    Corydon    P.     (Apr.    6,    'ID    Associate    Physicist,    c/o    Bureau    of    Standards, 

Division    of   Metallurgy.    Washington,    D.    C. 
KATSURA,     Prof.    Benzo     (May     29,    '09)     Professor    of    Metallurgy,     The    Imperial 

Tokyo  University,  Tokyo.  Japan;  res.,  58  Sendaki-Machi.  Hongo-Ku,  Tokyo 
KAWAMURA,  Takeshi  (June  28,  '12)  Mining  Dept.,  Mitsubishi  Co.,  Tokyo,  Japan. 
KAWIN,    Chas.    C.    (Nov.    6,   '10)    Advising   Metallurgist,    Chas.    C.    Kawin   Company, 

Chicago,   111.;   res.,   6801   Lakewood  Ave. 
KEENEY,    Robt.    M.    (Nov.    24,   '11)    Mill    Supt.,    The    Baker   Mines   Co.,    Cornucopia, 

Oregon. 
KEFFER,     Frederick     (Feb.     27,    '09)     Consult.     Engr.     and    Geologist,     The    British 

Columbia  Copper  Co.,    Greenwood,   B.   C,    Canada. 
KEITH.    Dr.    N.    S.    (April    3,    '02  1    350    Bullitt   Bldg.,    Philadelphia,    Pa. 
KELLER,    Ch.    A.    (June    25,    '09)    Genl.    Mgr.,    Keller-Leleux    Cie.,    3    Rue    Vignon, 

Paris,    France. 
KELLER,    Ed.    (Apr.    3,   '02)    Anaconda   Laboratory,    Perth   Amboy,    N.    J. 
KELLY,   Dr.  John   F.    (Apr.   3,  '02)   Stanley  Elec.   Mfg.  Co.;  res.,   2S4   W.   Housatonic 

St.,   Pittsfield,   Mass. 
KELLOGG,   Harry  W.    (Jan.   29,  '09)   Genl.  Mgr.,   National  Electrolytic  Co.,   Niagara 

Falls,   N.   Y. 
KEMERY,    Philo    (May    29,    '09)    Metallurgical   Engineer,    Crescent   Works,    Crucible 

Steel   Co.    of  America,    Pittsburgh,    Pa. 
KEMMER,   Frank   R.    (Feb.    25,  '11)    Niagara   Falls,    N.   Y. 
KEMMERER,   Geo.   I.    (Feb.    25,   '11)    115   Grand  Ave.,   Waukesha,   Wis. 
KENAN,   Wm.    R.    (Apr.    3,   '02)    433   Locust   St.,    Lockport,    N.    Y. 

KENDALL,   Geo.   R.    (Jan.    28,   'OS)    Lecturer  in   Chem.,   McGill   University,   W.   Van- 
couver,  B.   C,   Canada;   res.,   156   14th   Ave. 
KENNEDY.   J.   J.    (May   9,   '03)    Engineer,    52    Broadway.    New   York    City. 
KEXXEY,    Edward    F.     (Feb.    26,    '10)    Metallurgical    Engineer,    Cambria    Steel    Co., 

Johnstown,   Pa. 
KEXRICK,    Frank    B.    (Apr.    26,    '13)    Associate    Prof.    Chem.,    Univ.    of    Toronto, 

Toronto,    Canada;    res.,    77    Lonsdale    Road. 
KENT,    Jas.    M.    (Sept.    4.    '03)    Teacher   of   Applied    Steam   and   Electricity,    Manual 

Training  High   School,    2726   Holmes   St.,    Kansas  City,    Mo. 
KENYON,  O.   A.    (Nov.   27.  '09)    Hastings-on-Hudson,   N.    Y. 
KERN,    Ed.    F.    (Apr.    4,   '03)   c/o   Dept.    of   Metallurgy,    Columbia  Univ.,    New    York 

City. 
KERN,    P.    E.    (Nov.    24,   '11)    4043   Washington   Blvd.,    Chicago,    111. 
KERR,   Chas.   H.    (Mar.   27,   '07)   Research   Chemist,   c/o  Pittsburgh   Plate   Glass  Co., 

Creighton,   Pa. 
KIER,    Samuel   M.    (Oct.    29,   'OS)    Pies.,   Kier  Firebrick   Co.,    741    Sixth   Ave.,    Pitts- 
burgh, Pa. 
KIRCHHOFF,  Charles   (Jan.  29,   '09)   587  Riverside  Drive,  Cor.   136th  St.,   New  York 

City. 
KISHI,    Keijiro    (Nov.    21.    '08)    Chief   Eng.,   El.   Dept.,    Shibaura  Eng.   Wks.,    No.    1, 

Shinhanacho,    Kanasugi.    Shibaku,    Tokyo,    Japan. 
KISSOCK,   Alan    (Sept.   20,   '11)    79  Wall   St.,   New   York  City. 

KITSEE,    Dr.    Isador    (Apr.    3,   '02)    306   Stock   Exchange   Place,    Philadelphia,    Pa. 
KLIPSTEIN.    Ernest   C.    (Apr.    3,    '02)    122    Pearl    St.,    P.    O.    Box   2833,    New   York; 

res.,    116    Prospect    St.,    East   Orange,    N.    J. 
KXAPP.    Geo.   O.    (Nov.    6,   '02)    42d   St.    Bldg.,    New   York   City. 
KNIGHT,     Frank    P.     H.     (Feb.     25,    'ID     Electrician,     Chemist.     Inventor,     Electric 

Service   Supplies   Co.,   Keokuk,    Iowa:    res..    1015   Blondean   St. 
KOCH.    Stanley   B.    (May   29,   '09)    137   S.    Fourth   St.,    Steelton,   Pa. 
KOEHLER,    Wm.    (Nov.    5,   '04)    E.    7fi2    Lakeview   Road,    N.    E.,    Cleveland,    Ohio. 
KOERXER,    Walter   E.    (May    27.    '14)    Electrochemist,    General    Elec.    Co.;    mailing 

address.   44  Jame:;  St..   Newark,   N.   J. 
KOETHEN,    Frederick  L.    (Jan.   29.   'l(i)   Chemist.   124   4th   St..   Niagara  Falls,    N.   Y. 
KOHLER.    Hy.    L.    (Aug.    31,    '07)    Chemist,    Scullion    Galliher   Iron    and    Steel    Co.; 

res.,   2315  Ann  Ave.,  St.  Louis,  Mo. 
KOHN,   Milton  M.    (May   29.   '09)   Mgr.,   Multiple  Unit   Electric  Co.,   136  Liberty  St., 

X «w    York    City. 
KOLK1N,    T.    L.    (Oct.    27,    'ID    Mgr.,    A/s   Vadheim    Elektromiske    Fabriker,    Vad- 

helm,    Sogne.    Norway. 
KOWALKE.   O.   L.    (Aug.    3.   '06)    Asso.    Prof,    of   Chem.    Eng.,   Univ.    of  Wis.,    Chem. 

Eng.    Bldg.,    Madison.    Wis. 
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KRANZ,    Wm.    G.    (Apr.    29,    '11)    Mgr.    Sharon    and    Melrose    Park    Works,    Sharon, 

Pa.;   mailing  address,    National   Malleable   Castings  Co. 
KRAI'S,    Ernest    (Sept.    27,   '13)    Res.    Chemist,    22    Sweetser   Terrace.    Lynn,    Mass. 
KRAUSE,  Walter  B.    (Apr.   24,  '14)   2920  Virginia  Place,   East  St.   Louis,   111. 
K.REJCI,    Milo  W.    (May    27,   '09)    Anaconda  Copper   Mining   Co.,    Boston   and   Mon- 
tana Reduction   Wks.,    Great   Falls,    Mont. 
KREMERS,   J.   G.    (July   31,   '07)   Wisconsin  Sugar  Co.,   428   Girard  Ave.,   Milwaukee, 

Wis. 
KUNZ,    Geo.    F.,    Ph.  D.,    D.    Eng.    (Sept.    28,    '07)    Gem    Expert,    Tiffany    &    Co.,    401 

Fifth  Ave.,   New  York  City. 
KWANG,    Kwong    Yung     (Apr.    24,    '09)     Engineer    and    Director,    Lincheng    Mines, 

Lincheng,    via   Pekin,   N.   China. 
KYLE,   T.   D.    (Apr.  3,  '02)   106  E.   5th  St.,  Leadville,   Colo. 

LACEY,  Wm.  Noble   (Dec.   28,  '12)   Asst.  in  Chemistry,  Univ.  of  Cal.,   Berkeley,  Cal. 
LACROIX,     Henry     (Mar.     3,     '06)     Eng.,     Usine     de     Degrossissage     d'or,     Geneve, 

Switzerland. 
LAFORE,   J.  A.    (Apr.   3,   '02)    1211   Noble  St.,   Philadelphia,   Pa.;    res.,    Wister  Road, 

Ardmore,    Pa. 
LAIB,    Walter    (May    22,    '14)    Cliem.    Eng.,    The   Ohio    Salt    Co.,    Wadsworth,    Ohio; 

mailing  address,   Rittman,  Wayne  Co.,   Ohio. 
LAMB,  Arthur  B.    (Dec.   27,  '07)   Chemical  Lab.,   Harvard  College,   Cambridge.  Mass. 
LAMKER,    H.   G.    (May   24,   '13)    18   Maud   St.,    Pittsfleld,   Mass. 
LANDIS,    Walter    S.     (Dec.    4,    '02)     Chief    Technologist,    American    Cyanamid    Co., 

Niagara  Falls,   Ont.,   Canada. 
LANDOLT,    Dr.    Hans    (Feb.    5,    '03)    Turgi,    Switzerland. 
LANDOLT,   P.    E.    (Nov.   27,   '14)    615   Ditman   St.,    Brooklyn,    N.   Y. 
LANE,    Henry   M.    (May    29,    '09)    Trussed   Concrete   Bldg.,    Detroit,    Mich. 
LANGDON,    Palmer    H.     (Jan.    28,    '11)    Editor,    The    Metal    Industry,    99    John    St., 

New   York  City. 
LANGFORD,    Frank    (May   29,   '09)    1112   J   St.,    Eureka,    Humboldt   County,   Cal. 
LANGMUIR,    Irving    (June    29,    '07)    Research    Lab.,    Genl.    Elec.    Co.,    Schenectady, 

N.  Y. 
LANGTON,   John    (Apr.   3,   '02)    233   Broadway,    New   York   City. 

LARCHAR.   Arthur  B.    (Apr.   3,  '02)   Penobscot  Chem.   Fibre  Co.,   Great  Works,   Me. 
LASS.    W.    P.    (Mar.    27,    '09)    Speel    River    Electrochemical   Co.,    Juneau,    Alaska. 
LATHROP,    L.    H.    (Sept.    26,   '08)    General    Supt.,    Menominee   &   Marinette   Light   & 

Traction  Co.,   Marinette,   Wis.;    res.,    1326   Merryman   St.,   Marinette,    Wis. 
LAUGHLIN,    H.    Hughart    (May    29,    '09)    Elec.    Engr.,    Jones   &    Laughlin   Steel   Co., 

2705   Carson   St.,   Pittsburgh,   Pa.;   res.,    5023   Bayard   St. 
LAVINO,   Edward  J.    (Nov.   26,  '07)   E.   J.  Lavino  &  Co.,   Importers  of  Ferro-Alloys, 

Bullitt    Bldg.,    Philadelphia,    Pa. 
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MOREHEAD,    J.   M.    (Feb.    5,   '03)    Engineer   of  Tests,    Peoples   Gas   Bldg.,    Chicago, 

111. 
MOREY,   S.  R.    (Apr.   29,  'ID   Chief  Chemist,  American   Trona  Corp.,   Trona,   Cal. 
MORGAN,    Dr.    J.    L.    R.    (Apr.    3,    '02)    Columbia   Univ.,    New    York   City. 
MORGAN,    Leonard   P.    (Aug.    29,   '08)    2003    Pine   St.,   Philadelphia,   Pa. 
MORGANS,  Frank  D.    (Sept.   26,  '08)    Keene,   New  Hampshire. 

MORITZ,   C.   H.    (Apr.   4.   '03)   c/o  Aluminum   Co.   of  America,   Niagara  Falls,    N.   Y. 
MORRISON,  Walter  L.    (Feb.   26,  '10)   615  College  St.,   Canonsburg,   Pa. 
MORROW,   John  T.    (Feb.   27,   '09)    Caixa  do   Correio   1247,   Rio  de   Janeiro,    Brazil. 
MORSE,    Willard   S.    (Jan.    29,   '09)    Dir.    and    Mem.    Ex.    Comm.,    Am.    Smelting   and 

Ref.    Co.,    165    Broadway,    New   York    City. 
MOTT,   W.   R.    (Mar.   5,   "03)    1445   Newman   Aw.,    Lakewood,   Ohio. 
MOTTINGER,    B.    T.     (Apr.    24,    '14)    Ft.    Dodge,    Des    Moines    &    So.    R.    R..    Boon-, 

Iowa. 
MOULTON,   Chas.   W.    (May    1,   '06)    Prof,    of   Chem.,   Vassar   College,    Poughkeepsie,. 

N.   Y. 
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MOULTON,    Seth  A.    (Apr.    29,   '11)    Consult.   &   Designing   Engr.,    120   Exchange   St., 

Portland,     Me.  ;     mailing    address,     c/o     The     Moulton     Engineering     Corp.,     120 

Exchange  St.,   Portland,   Me 
MOTER,  Grant  C.    (Jan.  29,  '09)   Lab.  Asst.,   FitzGerald  Labs.,   Niagara  Falls,   N.  .Y 
MUELLER,    Dr.    Ing.    Albert     (Jan.    27,    '12)     Electrometallurgist,     Electosteel    and 

Steel    Castings    Co.,    Herkrade,    Rhineland,    Germany. 
MUIR,    J.    Malcolm    (Mar.    2C,    '10)    Mgr.,    Metallurgical   and    Chemical    Engineering, 

239   TV.    39th   St.,   New   York  City. 
MURAHASHI,   Sokichi    (Nov.    24,   '11)    3S9   Kita-Doshin   7,   Osaka.    Japan. 
MURPHY,    Daniel    H.     (May    5,    '10)    President.    American    Conduit    Mfg.    Co.,    Key- 
stone  Bank   Bldg.,    Pittsburgh,    Pa.;    res.,    Bellefield   Dwellings. 
MURPHY.    Edwin  J.    (Oct.    2.   '02)   38   Ray  St.,   R.   D.   No.    1,    Schenectady,    N.   Y. 
MURRAY,    Benjamin    L.     (Nov.    27,    '09)    Chemist,    Merck    &    Co.,    Rahway,    N.    J.; 

mailing  address,    14s   Bryant  St. 
MURRAY,    Henry    T.    (Apr.    24,    '09)    Chemist,    Hayden    Plant,    American    S.    and   R. 

Co.,    Hayden,    Ariz. 
MURRAY,   Wm.    W.    i  Feb.    25,   '11)    Chemist,    Baltimore.    Md. ;    res.,    2516   Ashton    St. 
MUSCHENHEIM,    Frederick   A.    (Nov.    21,    'OS)    Yice-Pres.,    Hotel   Astor,    New    York 

City;    res..    218    W.    45th    St. 
MYERS,    Ralph    E.,    Ph.  D.     (Nov.    5,    '04)    Chief    Engr.,    "Westinghouse    Lamp    Co.. 

Bloomfield,  N.  J. 
NAMBA,    M.    (Nov.    6.    '03)    Prof,    of    Elec.    Eng..    Kyoto    Imp.    Univ.,    Kyoto,    Japan. 
NASH,  Clarence  A.    (Jan.   25.  '13)   Central  University,  Danville,   Ky. 
NATHAN.    A.    F.     (Mar.    27,    '14)    Patent    Lawyer,    Liberty    Tower,    55    Liberty    St., 

New  York  City. 
NEUMANN.    Willi  elm    (Aug.    28,    '14)    Chemist,    Gullspang    Elektrokemiske,    A.    B. 

Gullspang,     Sweden. 
NEWBERY,    Jorge    (Dec.    31.   '09)    City   Electrical   Engineer,    Buenos   Ayres,    Argen- 
tine Republic,   South  America;   mailing  address,   Moreno  330. 
NEWMAN,    Max   G.    (May   25,    '12)    Dalton,    Mass. 
NICHOLS,   Wm.    H.,    D.Sc,   LL.D.    (Mar.   3,   '06)    Pres..    Nichols   Copper   Co.,    General 

Chem.    Co.,    25    Broad   St.,    New   York;    res.,    355    Clinton    Ave.,    Brooklyn,    N.    Y. 
NICHOLS,    W.    Standish     (Apr.    3,    '02)    Consulting    Engineer,    100    Broadway,    New 

York. 
NICKERSON.    William   E.    (May    29,   '09)    Consulting   Mechanical    Engineer,    Gillette 

Safety    Razor    Co.,    Cambridge,     Mass.:     mailing    address,     1722    Massachusetts 

Ave. 
NISHIKAWA,    Kikel    (Jan.    29,   '10)    30,    3    Chrome,    Kyobashi   Higashi   Ku,    Osaka, 

Japan. 
NISWONGER,    E.    E.    (Apr.    29,    'ID    President,    The    National    Laundry    Machinery 

Co..    731   W.    Third   St.,    Dayton.    O. 
NODELL.   Wm.    L.    (May   9.    '03)    2311    N.    33d   St..    Philadelphia.    Pa. 
NOGUCHI,   Jun    (Apr.    24,   '14)    Tosabori-wiamachi,    Nishiku.   Osaka,   Japan. 
NOHARA.    Dr.    Tsuneo    (Apr.    6,    'ID    Engr.,    The    Industrial    Laboratory,    Dept.    of 

Agriculture    and    Commerce.    Yetchin-shima,    Tokyo,    Japan. 
NOLAN.   John  J.    (Feb.    25,   'ID    106   Buckingham  Ave.,    Perth  Amboy,    N.   J. 
NORMAN.    Geo.    M.    (Apr.    3.    '02)    Hercules   Powder   Co..    Wilmington,    Del. 
NORTH.    H.    B.    (Apr.    6,   '07)    Associate   Prof,    of   Chemistry,    Rutgers   College,    New 

Brunswick,    N.    J. 
NORTHRUP,   Edwin  F.    (Oct.   17,   '07)   Palmer  Physical  Laboratory,   Princeton,   N.  J. 
OAKDEN.    William    E.     (Oct.     29.    '10)     Director,     Research    Laboratory,    American 

Optical   Co.,    Southbridge,    Mass. 
OBER,    Julius   E.    (Apr.    24.   '09 1    c/o   West    Penn    Steel   Co.,    Brackenridge,    Pa. 
OFFUTT,    John   W.    (June    27.    '13)    Supt..    Shelby    Steel    Co..    Ellwood    City,    Pa. 
OHLWILER,    Clarence    H.     (Apr.    6,    'ID     Chemist,    Am.    Optical    Co.,    Southbridge, 

Mass. 
OHOLM.   Lars  Wm..   Ph.  D.    (Dec.   27.  '07)   Lecturer  on  Applied  Phys..  Univ.   of  Fin- 
land,   Helsingsfors.    Finland. 
OLAUSSON.   K.   O.   Ernfrid    (Oct.    28,   '09)    Electrometallurgical   Engineer,    Aktiebol- 

aget   Saxberget,    Trollhiittan,    Sweden. 
OLSEN,     H.jalmar     (Nov.     26.     '10)     Etahlissements    Duche.     Usine    de    Pont     Brute, 

Vilvorde,   Belgium. 
OLSSON.    Henning    (July   26,   *12)    Hertzia.    Gottenburg.    Sweden. 
ONIONS,   Geo.   I.    (May   24.   '13)   Pres.   and  Mgr.,   Ajax  Plating  Co.;   mailing  address, 

235    Summit   Ave.,   Buffalo,    N.   Y. 
ORDWAY.    Daniel    L.    (May    5,   '10)    Asst.    Director,    Research    Laboratory,    National 

Carbon   Co.,   Cleveland.   Ohio;   res.,    14  2S   Ridgewood   Ave..    Lakewood.   Ohio. 
ORNSTEIN.   Geo.    (May   29,  '09)   25  Madison  Ave..   New  York   City. 
ORR,    R.    S.     (May    29,    '09)    General    Superintendent,    The    Allegheny    County    Light 

Co.,    Pittsburgh.    Pa.:    mailing   address.    435    6th    Ave. 
OSBORNE.   Loyal!   A.    (Apr.   3.  '02)   Westinghouse   E.   and  Mfg.   Co.,   Pittsburgh.   Pa. 
OSHIMA.    Yoshikiyo.    Dr.    Ing.    (July    30,    '09)    Asst.    Professor,    Dept.    of   Chemistry, 

College  of  Engineering.   Imperial   University.    Tokyo.   Japan. 
OSSA,     Gaston     (Jan.     25.     '13)     Assistant     in     Elec.     Lab.,     Universidad     de     Chile, 

Santiago.    Chile.    S.    A. 
OSTHEIMER.     John    TV.     (June    25,    '09)     Tngenieur    des    Arts    and    Manufactures, 

3    rue    Rabelais.    Paris.    France. 
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PAGE,    George    S.    (May    20,    '09)    Asst.    Mgr„    Park    Works,    Crucible    Steel    Co.    of 

America,    Pittsburgh,     Pa. 
PAGE,  Wm.   K.    (Feb.   21,   '13)   6S  South  Parkway.   East  Orange,   N.   J. 
PALMER,    Wm.    R.    i  May   29,    '09)    General    Supt..    American   Tube    &   Stamping   Co., 

Bridgeport.    Conn.;  mailing  address,   S27    Seavind   Ave. 
PARISH.    Ralph    R.    (Oct.    24,   '13)    Chief   Chemist,    Chase    Rolling  Mill   Co.,    47    Ran- 
dolph   Aye.,    Waterbury,    Conn. 
PARKER,    James    H.     (Nov.    26,    '10)    Metallurgist,    Carpenter    Steel    Co.,    Reading, 

Pa.;   res.,    109   Windsor   St. 
PARKHURST,    C.    W.     (Sept.    26,    'OS)    Supt.    El.    Dept.,    Cambria    Steel    Co.,    Johns- 
town,  Pa. 
PARKINSON,   J.   Carl    (Feb.    25,   '11)   care  ff  Pittsburgh  Plate  Glass  Co.,   Creighton, 

Pa. 
PARKS,    R.    E.    (May   22.     14  i    c/o   Aluminum   Co.   of  America,    Maryville,    Tenn. 
PARMELEE,  Howard  C.    I.June  28,  '12)   Western  Editor,  Met.  &  Chem.  Engineering, 

421    Boston    Bid?..    Denver,    Colo. 
PARR,   Samuel  W.    (Jan.   7,   '05)   Prof,   of  Applied   Chem.,   Univ.   of  111.,   Urbana,    111. 
PARSONS,   Charles   L.    (Oct.   29,   'OS)    Box   505,   Washington,    D.   C. 
PARSONS,    Louis   A.,   Ph.D.    (Apr.    3,    '02)    Prof,    of   Physics,    Pennsylvania   College, 

Gettysburg.    Pa. 
PASCOE,    C.    F.    (Nov.    24,    '11)    Metallurgist,    The    Canadian    Steel    Foundries,    Ltd., 

Montreal,    Canada. 
PATCH,    N.    K.    B.    (Jan.    25,    '14  >    Factory    Engineer,    Lumen   Bearing    Co.,    Buffalo, 

N.    Y. 
PATTEN,    Harrison    E.,    Ph.  D.     (Apr.    3,    '02)    Bureau    of    Chemistry,    Washington, 

D.    C. 
PATTERSON,   Dr.    Geo.   W.    (Nov.    6,   '02)    Professor  of   Electrical   Engineering,   Uni- 
versity   of    Michigan,    Ann    Arbor,    Mich.;    mailing    address,    2101    Hill    St.,    Ann 

Arbor,   Mich. 
PAUL,  Henry  N.  Jr.,    (Apr.  3,  '02)   1815  Land  Title  Bldg.,  Philadelphia,  Pa. 
PAWECK,    Dr.     Keinrich     (Dec.     4,    '03)    Favoritenstrasse    60,    Vienna    IV,    Austria. 
PEARCE,    J.    Newton    i  Apr.    29,    '11)    Assistant    Professor   of    Chemistry,    The    State 

University    of   Iowa,    Iowa    <'ilv,    Iowa;    res.,    714    Iowa   Ave. 
PEARSON,   Dr.   F.   S.    (Sept.    25,   '09)    17th   Floor,    115   Broadway,    New   York   City. 
PECK,   Eugen.    C.    i  May   5.   '10)    Gen.   Supt.,    The   Cleveland   Twist   Drill   Co.,    Cleve- 
land,   Ohio;    res..    671*t    Euclid    Ave. 
PEDDER,    John    (Apr.    27,    '12)    Chemist,    West    Virginia    Pulp    &    Paper   Co.,    Luke, 

Md. 
PEILER,    Karl    E.    (Apr.    27,   '12)    Mech.    Engineer,    W.    A.    Lorenz,    Hartford,    Conn.; 

res..    56    Allen   Place,    Hartford,    Conn. 
PEIRCE,     Wm.     H.     (Apr.     6,     'ID     Vice-President     and     General     Mgr.,     Baltimore 

Copper  Smelt,   and   Roll.   Co.,   P.   O.    Station  J,    Baltimore,   Md. 
PENNIE,   John  C.    (May   29,   '09)   Attorney  at  Law  and   Patent   Solicitor,   35   Nassau 

St.,   New  York  City. 
PENNOCK,     John     D..     A.B.     (Apr.     2,     '04)     Chief    Chemist,     Solvay     Process     Co., 

Syracuse,   N.   Y. 
PERLEY,   Geo.   A.    (Apr.    26,   '13)   Asst.   Prof,   of  Physical  Chemistry,    N.    H.   College, 

Durham,    N.    H. 
PERRY,    C.    M.    (Sept.    4,    '03)    Greene,    Rhode   Island. 
PETERSON,    Andrew   P.    (Oct.    29,   '10)    Western   Electric   Co.,    1515   W.    Monroe   St., 

Chicago,    111. 
PETERSON,    C.    E.    (Jan.    25,    '14)    General    Delivery,    Rolla,    Missouri. 
PETINOT,     Napoleon     (Apr.     24.    '09)     Eleetrometallurgical     Engr.,     Niagara    Falls. 

N.   Y.;    res.,   632    Riverside   Ave. 
PHILLIP,   Herbert    (Nov.    ij.   '03)    Roessler  &  Hasslacher   Chem.   Co.;   res.,    152   High 

St.,    Perth   Amboy,    N.    J. 
PHILLIPS,    Ross     (Nov.     6.    '03)     National    Electrolytic    Co.,    Niagara    Falls,     N.    Y. 
PICKENS,    Rufus    H.     (Jan.    27,    '12)    Supt.,    Fries    Mfg.    &    Power    Co.,    Clemmons, 

N.   C. 
PICKERING,    Oscar   W.     (Oct.    2.    '02)    du    Pont    Bldg.,    Wilmington,    Del.;    mailing 

address,    1527    Delaware    Ave,    Wilmington,    Delaware. 
PIKLER.   A.    Henry    (June    1.    '07)    iillor-ut   30   Budapest,    Hungary. 
PINKERTON,    Andrew    (Apr.    3,    '03)    Box    427,    Pittsburgh,    Pa. 
PLEISS,    Paul    (Nov.    28,    '13)    Sec'v,    Burdett    Mfg.    Co.,    50    Church    St.,    New   York 

City. 
POND,   G.   G.,   Ph.  D.    (July   3.   '02)    Prof,   of  Chem.,   State   College,    Pa. 
POPE,    Chas.    E.     (Feb.    25.    '11)    President,    Coal    and    Coke    By-Products    Co.,    421 

Wood    St.,    Pittsburgh.    Pa. 
POTTER,     Henry    Noel.     Sc.D.     (Apr.     3,     '02)     President.     Potter    Engineering    Co., 
Hollywood.    Los    Angeles.    Cal. ;    mailing   address,    7032    Hawthorne    Ave,    Holly- 
wood.  Cal. 
FOTTHOFF,   Louis    (Feb.    23.   '12)    President,   U.    S.    Electro   Galvanizing   Co.,    No.    1 

Park   Ave.,   Brooklyn.    N.   Y. 
PRATT,   E.   Bruce    (Dec.    26.   '13)    Agent.   Mutual   Benefit  Life  Insurance   Co.;   mail- 
ing  address.    129  27    Lake    Ave.,    Cleveland,    Ohio. 
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PRATT,    Fred.   S.    (Apr.    3,   '02)    Stone   &  Webster,    93   Federal   St.,    Boston,    Mass. 
PRICE,   Edgar  F.    (July   3,  '02)   42d  St.   Bldg\,   Cor.   42d  St.   and   Madison  Ave.,   Mew 

York    City. 
PRICE,   Wm.    B.    (Mar.    27,    '14)    Chief   Chemist,    Scorill   Mfg.    Co.;    mailing   address, 

111    Euclid    Ave.,    YVaterbury,   Conn. 
PKINDLE,    Edwin    J.    (Jan.    S,    '04)    The    Trinity    Bldg.,    Ill    Broadway,    New    York. 

City. 
PRING,    John    N.     (Nov.    3,    '06)     Research     Student,     Victoria     Univ.,     Manchester, 

England. 
PRITZ,   Wesley  B.    (May  5,   '10)   Instructor,   Chem.   Engr.,   Chem.   Eng.   Dept.,   Univ. 

of    Wis.,    Madison,    Wis. 
PROCTOR,    Chas.    H.     (Apr.    29,    'ID    Supervisor    in    Plating    and    Finishing    Dept., 

F.    H.   Lovell   &  Co.,   Arlington,    N.   J. ;   res.,    270   Argyle   Place. 
PROSSER,  H.  A.    (Dec.  2,  '05)   Consulting  Engineer,   165  Broadway,  New  York  City. 
PULMAN,     Oscar    S.     (May    26,    '10)     Asst.     Superintendent,     National    Carbon    Co., 

Cleveland,    Ohio;    res.,    1445    Newman   Ave.,    Lakewood,    Ohio. 
PYNE,   Francis  R.    (Dec.   2,  '05)    29  Scotland   Road,    Elizabeth,    N.   J. 
QUEENY,    John   F.    (June   1.    '07)    President,    Monsanto   Chem.    Co.,    1800   S.    2d    .St., 

St.    Louis,    Mo. 
QUENEAU,   A.    L.   J.    (May   1,   '06)    Jemeppe   s/Meuse,    Belgium. 
QUINAN,    Kenneth    B.    (Jan.    8,    '04)    Chief    Chemist,    De    Beer's    Explosive    Works, 

Dynamite   Factory,    Somerset   West,   Cape   Colony,   Africa. 
QUINTARD,    Edward    (May    25,    '12)    Salesman,    Philadelphia    Quartz    Co.;    res.,    56 

Hooker   Ave.,    Poughkeepsie,    N.    Y. 
RAEDER,    Bjorn    (Jan.    23,    '14)    Chief    of    Experimental    Dept.    Corap.    de    Meteax, 

Overpelt-Lammel,   Neerpelt,    Belgium. 
RAETH,    Frederick    C.     (Dec.    29,    '11)    Techno-Chemical    Laboratories,    Milwaukee, 

Wisconsin. 
RAM  AGE,    A.    S.    (May   6,    '05)    547    Richmond   Ave,    Buffalo,    N.    Y. 
RAMSEY,   F.    H.    (Jan.    23,   '14)    1317   Boyle   St.,    Pittsburgh,    Pa. 
RANDALL,   J.   W.    (Jan.    29,   '09)    1015   Walnut  Ave.,    Niagara  Falls,   N.   Y. 
RANDALL,   Merle    (Nov.    27,   '09)    205   S.   6th   St.,   Poplar   Bluff,    Mo. 
RANDOLPH,   C.   P.    (Mar.   23,   '12)    9   Elizabeth   St.,   Pittsfield,   Mass. 
RANDOLPH,   Edward   (Feb.  27,   '09)   President,   Balbach  Smelting  and  Refining  Co. 

Bretton   Hall,   New   York   City. 
RANKIN,    Herbert    E.    (Nov.    24,   '11)    Cherry    Hill,    Albany,    N.    Y. 
RAY,    Bhupendranath    (July    25.    '13)    General    Delivery,    Chicago,    111. 
RAY,    Horatio    C.    (June    27,    '13)    Prof,    of   Ore    Dressing    &    Assoc.    Prof,    of   Metal- 
lurgy,   School   of   Mines,   Univ.    of   Pittsburgh,    Pa. 
REBER,    Lieut.    Col.    Samuel    (Apr.    3,    '02)    Signal    Office,    War   Dept.,    Washington, 

D.   C. 
REED,  Avery  H.    (Apr.   6,   '11)   Marion,   Ky. 

REED,    C.    J.    (Apr.    3,    '02)    507   Brannan    St.,    San    Francisco,    Cal. 

REED,   John  C.    (Apr.  29,   'ID   Electrical   Engr..   The   Penna.   Steel  Co.,   Steelton,   Pa. 
REESE,   P.   P.    (May   29,  '09)    Metallurgist.    Carnegie   Steel   Co.,   Munhall,   Pa. 
REEVE,    Amos   G.    (Nov.    26,   '07)    Kenwood,    N.   Y. 

REFSAAS,    Kristian    (Aug.    30,    '12)    Oscarsgate    14,    Kristiania,    Norway. 
REICHEL,  Walter   (Feb.   27,  '09)   Dr.  Engr.,  14  Beethovenstrasse,  Lankwitz,   Berlin, 

Germany. 
REID.    John    T.     (Mar.    27,    '09)    Mining    Engineer,    Nevada    Mining    Co.,    Lovelock, 

Humboldt    Co.,    Nev. 
REISENEGGER,    Dr.    Herman    (June   6,   '03)    Chemiker   Farbwerke   in   Hochst   a/M, 

Germany. 
RELST,    Henry    G.    (Sept.    26,   'OS)    Desig.    Eng.,    Gen.    El.    Co.,    Schenectady.    N.    Y. 
RENFREW,   L.   J.    (July   25.   '13  1    Raritan   Copper  Works,   Perth   Amboy,    N.   J. 
RESE,   Wm.   F.    (July   2  4,   '14)    Electrician,   c/o   Weirton   Steel   Co.,   Weirton,   W.   Va. 
RICH,    William    J.     (May    26,    '10)    Principal    Examiner,    U.    S.    Patent    Office,    Room 

17  5.   Washington,   D.   C. 
RICHARDS,    Edgar    (Feb.    27,   '09)    Newport,   R.    I. 
RICHARDS,    Jos.    W.,    Ph.   D.    (Apr.    3,    '02)    Prof,    of   Metallurgy,    Lehigh    Univ.,    S. 

Bethlehem,    Pa.;    res.,    University    Park. 
RICHARDS,     Dr.     T.    W.     (June     3.    '05)     Prof,     of    Chem.,     W.     Gibbs    Mem.     Lab., 

Harvard   Univ.,    Cambridge,   Mass. 
RICHARDSON,    E.    A.    (Apr.    6,    'ID    9   Monroe   St.,   Warren,   Ohio. 
RICHARDSON,    Professor    Henry    K.     (May    29,    '09)    care    of    National    Committee, 

Y.   M.   C.   A.,   3   Quinsan   Gardens.    Shanghai,    China. 
RICHARDSON,   L.   T.    (Apr.   6,   'ID    1034   Spaight   St.,   Madison,   Wis. 
RICHARDSON,    W.    D.    (Sept.    24,    '10)    Chief    Chemist,    Swift    &    Co.,    Chicago,    111.; 

res..    4215   Prairie   Ave. 
RICKENBACHER.    Albert   D.    (Sept.    26,    'OS)    Electrician    for   the    City    Post   Office. 

Washington.    D.    C. ;    mailing    address,    635    Keefer    Place.    N.    W. 
RK'KETTS,   Louis  D.    (Apr.    24.   '14)   Consulting  Engineer,    42   Broadway,   New  York 

City. 
RIGLANDER,     Moses    M.     (Apr.     6,     'ID     President.     Multiple    Unit     Electric     Co., 

New  York  City;  mailing  address.    47    Maiden    Lane. 
K1KKR.    John    J.     (Mar.    5,    '03)    Treas.,    Oldbdry    Electrochem.    Co.,    19    Cedar    St.. 

New  York  City. 
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BIVA-BERNI,   Count  A.  de   (Nov.   26,  '07)   Compt.  Int.  de  Vente  de   Ferro-Silicum ; 

res.,   9  Avenue   Niel,    Paris,    France. 
ROBB,   Chas.    D.    (Nov.    27,   '09)    Essex   Falls,    New   Jersey. 
ROBERTS,   Isaiah   L.    (Oct.   2.   '02)    Nueva   Gerona,   Isle   of  Pines,    Cuba. 
ROBERTSON,    Thos.    D.    (July    21,   '11)    32    Edgebrook    Road,    Sheffield,    England. 
ROBINSON,    Almon    (Apr.    3,    '02)    Webster    Road,    Lewiston,    Me. 
ROBINSON,   Frederic  W.    (May   25,   '12)    Chemist,   The  Hanovia  Chem.   &  Mfg.   Co., 

Newark,   N.  J.;   res.,   1011  Broad  St. 
ROCKWELL,,    Wm.    F.     (Apr.    29,    '11)     General    Supt.,    Southern    Aluminium    Co., 

Whitney,    North   Carolina. 
RODMAN,   Hugh    (Apr.   3,  '02)   c/o  Rodman  Chem.   Co.,   E.   Pittsburgh,   Pa. 
ROEBER,    E.    F.     (Apr.    3,    '02)    Editor,    Metallurgical    and    Chemical    Engineering, 

239   W.    39th    St.,    New   York   City. 
ROESSLER,   Dr.   Franz    (July  31,  '07)   Vice-Pies,   and   Supt.,   Roessler  &   Hasslacher 

Chem.    Co.,    Perth    Amboy,    N.    J.;    res.,    39    High    St. 
ROLLER,   F.   W.    (Apr.    3,   '02)    Elec.   Instruments    (Machado   &   Roller),    203   Broad- 
way,   New   York   City. 
ROMANELLI,    Emilio    (Jan.    28,    '11)    21    Willard   Ave.,    Bloomfield,    N    J. 
ROSENGARTEN,     Geo.     D.      (Apr.     29,     'ID     Vice-President,     Powers-Weightman- 

Rosengarten  Co.,   P.   O.   Box   1625,   Philadelphia;   res.,   Malvern,   Pa. 
ROSS,   Bennett  B.    (Feb.   27,  '14)   Auburn,  Ala. 
ROSSI,   A.   J.    (Apr.    3,   '02)    35    Broadway,    New   York   City. 
ROSSI,   Dottor  Carlo    (Mar.   23,   '12)    Legnano,    (Milan)    Italy. 
ROSSI,    Louis    M.     (Jan.    29,    '10)    Chemist,    Roessler    &    Hasslacher    Chemical    Co., 

Perth   Amboy,   N.   J.;   res.,    402   High   St. 
ROUSE,    Edwin   W.,    Jr.    (Feb.    27,    '09)    Chemist,    Baltimore    Copper   Smelting   and 

Rolling    Co.,    Baltimore,    Md. 
ROUSH,    G.   A.    (Feb.    6,    '04)    Asst.    Prof.,    Dept.    of  Metallurgy,    Lehigh   University, 

Editor    of    "Mineral    Industry,"    South    Bethlehem,    Pa. 
ROWAND,    Lewis   G.    (April   3,    '02)    Manhattan   Ave.,    Seagate,    New   York    Harbor, 

New   York. 
ROWELL,   J.    C.    (Jan.   25,  '13)   Librarian,   University  Library,   Berkeley,   Cal. 
ROWLANDS,    Thos.    (Feb.    27,    '09)    Palm    Tree   Works,    Staniforth   Road,    Sheffield, 

England. 
RUDRA,   Sarat  C.    (Mar.   5,  '04)    2963   Webster  St.,   San  Francisco,   California. 
RUHL,   Louis    (Dec.   2,   '05)   Asst.   Sec,   The   Roessler  &  Hasslacher   Chem.   Co.,    100 

William    St.,    P.    O.    Box   1999,    New   York    City. 
RUPPEL,    Henry   E.   K.    (May   29,   '09)    Chemist,    Gillette   Razor  Co.,    South   Boston, 

Mass. 
RUSHMORE,    D.    B.    (Oct.    3,   '02)    Eng.    Power   &   Min.    Dept..    General   Electric   Co., 

Schenectady,   N.   Y. 
RUSSELL,    Chas.    J.    (Apr.    3,    '02)    District    Manager,    The   Phila.    Electric    Co.,    4522 

Frankford   Ave.,    Philadelphia,    Pa. 
RUSSELL,    Christopher    A.     (May    27,    '11)    Supt.,    Electrode    Company    of    America, 

Niagara   Falls,    N.    Y. 
RUTHENBURG,     Marcus     (Apr.     3,     '02)     Electrical     Federation     Office,     Kingsway. 

London,    England. 
RYAN,    Harris   J.    (Nov.    30,    '12)    Prof,    of   Electrical    Engineering,    Leland    Stanford 

Univ.,    Stanford   Univ.    P.    O.,    California. 
SADTLER,    Samuel    P.,    LL.D.     (Apr.    3,    '02)    Consulting    Chemist,    39    S.    10th    St., 

Philadelphia,   Pa. 
SADTLER,    Simuel    S.     (Apr.    3,    '02)    with    S.    P.    Sadtler    &    Son,    Consulting    and 

Analytical    Chemists,    39    S.    10th    St.,    Philadelphia,    Pa. 
SAKLATWALLA,    B.    D.    (May    26,    '10)    General    Superintendent,    American   Vanad- 
ium  Co.,   Bridgeville,   Pa.;    res..    47    McMunn   Ave.,    Crofton,    Pa. 
SALOM,    Pedro    G.     (Apr.    3,    '02)    Commonwealth    Trust    Bldg.,    12th    and    Chestnut 

Sts.,   Philadelphia,   Pa. 
SAMUELS,    Wm.    P.    (May    5,    '10)    120   Smithfield    St.,    New   Castle,    Pa. 
SARGENT,    Frank   C.    (Jan.    29,    '09)    201    Devonshire    St..    Boston,    Mass. 
SARGENT,    Geo.    W.    (Apr.    29,    '11)    Metallurgist    and    Chemist,    Crucible    Steel   Co. 

of   America,    Oliver   Bldg.,    Pittsburgh,    Pa. 
SARGENT,    R.   N.    (Oct.    27,   '11)    Works   Mgr.,    Plant   No.    2,    Roessler   &   Hasslacher 

Chem.   Co.,   Perth  Amboy,   N.   J.:   res..    153   State  St. 
SAUNDERS,    Prof.   A.    P.    (Apr.    3,   '02)    Hamilton   College,    Clinton.    N.    Y. 
SAUNDERS,   Lewis  E.    (Dec.    26,   '07)    123  Buffalo  Ave.,   Niagara  Falls,   N.   Y. 
SAUNDERS,    Walter    M.     (Mar.    27,    '09)    Saunders    &    Franklin,    Providence,    R.    I.; 

mailing  address,   20   Dewey   St. 
SCHALL,    Dr.    C.     (Aug.     29,    '08)     Privatdocent,     Sternwarterstrasse    79/1,     Leipzig, 

Germany. 
SCHAMBERG,    Meyer    (Dec.    27,    '07)    Chemist    and   Min.    Engr.,    1S41    N.    17th    St., 

Philadelphia,   Pa. 
SCHILDHAUER,    Edward    (Dec.    26,    'OS)    El.    and    Mech.    Eng.,    c/o    The    Engineers 

Club.    32   W.    40th   St.,   New   York  City. 
SCHLEEDER,   L.   Bertram   (Apr.   29,   'ID   Chemist.   Dr.   F.  J.   Mavwald,   89  Pine  St., 

New  York  City:   res.,   130  N.   Penn  St.,   York  Pa. 
SCHLOSS,   Joseph  A.    (Jan.    29,   '09)   Ore  Buyer,    42   Broadwav,   New  York  City. 
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SCHLUEDERBERG,    Carl   G.    (Feb.    2,    '06)    Commercial    Eng.,    Westinghouse    El     & 

Mfg.   Co.,   East  Pittsburgh,   Pa.;   210  N.  Craig  St..   Pittsburgh,   Pa. 
SCHLUNDT,    Herman     (Nov.    5,    '04)    Prof,    of    Physical    Chemistry,    University    of 

Missouri,  Columbia,   Mo.;   res.,  West  Mount. 
SCHOCH,    Dr.    Eugene    P.     (Oct.    1,    '04)    Adjunct    Prof,    of    Chem.,    Univ.    of    Texas; 

res.,    714   W.    23d   St.,   Austin,    Tex. 
SCHREY,    Adolf    (Nov.    26,    '10)    Sidonianstrasse    10,    Dresden    A.    Germany. 
SCHROEDER,    C.    M.    Edward    (May   29,    '09)    Chief   Assistant,    Dr     C.    F     McKenna, 

235    Wood   St.,    Rutherford,    N.    J. 
SCHRODER,   Harold   (Jan.   29,   '09)   Mgr.,   English  and  Australian  Copper  Co.,   Ltd., 

Waratah,    N.   S.    W.,    Australia. 
SCHUETZ,    Fred.    F.     (Oct.     1,    '04)    Patent    Attorney,    Room    1352,    50    Church    St., 

New   York  City. 
SCHULTE,    Walter    B.     (Oct.    29,    '10)    Treasurer,    Northern    Chemical    Engineering 

Laboratories,    Madison,   Wis. 
SCHWARZ,    Ralph    C.     (May    5,    '10)    Electrical    Engineer,    Taylor    Instrument    Co., 

Rochester,    N.    Y. 
SCOTT,    Arthur    P:     (Mar.     27,     '09)     Metallurgist,     Dominion     Iron     and     Steel     Co., 

Sydney,   Cape  Breton,   Canada. 
SCOTT,    Professor  Chas.    F.    (Aug.   27,   '09)    2S4   Orange   St.,   New   Haven,   Conn. 
SCUDDER,   Heyward    (Sept.   4,  '03)   38   St.   Botolph  St.,   Boston,  Mass. 
SEEDE,    John   A.    (May   29,   '09)    Route   49,    Schenectady,   N.   Y. 
SERGEANT,    Elliott   M.    (October   1,   '04)    Box   54,    Niagara  Falls,    N.    Y. 
SESSIONS,    R.    L.     (Feb.    27,    '14)    Chem.    Engineer,    Vanadium    Alloys    Steel    Co., 

Latrobe,    Pa. 
SETHMAN,    Geo.    H.     (Nov.    6,    '03)    Engineer    and    Contractor,    125    E.    11th    Ave., 

Denver,  Colo. 
SEWARD,  Geo.  O.   (April  3,  '02)   99  Cedar  St.,  New  York  City. 
SEYFERT,    Stanley    S.     (Oct.    29,    '08)    Assoc.    Prof.,    El.    Eng.,    Lehigh    Univ.;    res. 

456    Chestnut    Street,    South    Bethlehem,    Pa. 
SHARP,    Clayton    H.    (Nov.    26,   '07)    Technical   Director,    Electrical    Testing  Labora- 
tories,   SOth   St.   and  East   End  Ave.,   New   York   City;    res..   White   Plains,    N.    Y. 
SHARPLES,    Stephen    P.     (Feb.    27,    '09)     Consulting    Chemist,    Campbell    Magnetic 

Separator   Co.,    Boston,    Mass.;    mailing   address,    26    Broad    St. 
SHATTUCK,    A.    F.    (Apr.    3,    '02)    The    Solvay    Process    Co.,    Detroit,    Mich. 
SHAW,   E.  C.    (Apr.   3,   '02)    R.  F.  D.  No.   5,   N.   Portage  Path.   Akron,  Ohio. 
SHELDON,   Dr.   Samuel    (Apr.    3,   '02)    Prof,   of  Physics  and   Elec.    Eng.,    Polytechnic 

Inst.,   Brooklyn,    N.   Y. 
SHEPHERD,    F.    A.    (Nov.    27,    '14)    Foreman   Plater,    Hutchins-Kilbourne   Mfg.    Co., 

433   High   St.,   Buffalo,   N.   Y. 
SHEPHERD,   F.   R.    (Sept.   25,  '14)    Chief   Electrical   Inspector,   P.   O.   Box  36,   Dune- 
din,   N.   Z. 
SHIELDS,   Dr.  John    (Dec.   4,   '02)    4   Stanley  Gardens,   Cricklewood,    London,   N.   W., 

England,    and    Minas   de   Rio   Tinto,    Provincia   de    Huelva,    Spain. 
SHIMER,    Edward    B.     (Jan.    28,    '11)    Asst.    in    Chemical    Laboratory    of   Porter    W. 

Shinier,   "Paxinosa   Ave.,    Easton,    Pa. 
SHIYERICK,   Myron  D.    (Nov.   21,   '08)    Electrician  and   Chemist,   25   Menands  Road, 

Menands,   N.   Y. 
SHORT,    Frank    (Sept.    25,   '14)    Universitv   of  Ala.,   Tuscaloosa,   Ala. 
SIEGER,   Geo.   N.    (Apr.    27,   '12)    18   E.    41st   St.,    New   York  City. 
SIEVERING,    Philip    (Apr.    26,    '13)    Electroplater,    Philip    Sievering    Co.,    54    Nairn 

Place,    Newark,    N.    J. 
SILVERMAN,    R.    B.    (Mar.    27,    '14)    Chief   Chemist,    Hydrometallurgist,    c/o   Butte- 

Duluth   Mining   Co.,    Butte.    Mont. 
SIMMERS,    Arthur   L.    (May   29,   '09)    942    Niagara  Ave.,    Niagara    Falls,    N.    Y. 
SIMPSON,    Louis    (May    29,    '09)    172    O'Connor    St.,    Ottawa,    Canada. 
SKIDGELL,    Floyd    M.    (Nov.    24,    'ID    44    Bleeker    St.,    Newark,    N.    J. 
SKILLMAN,   Verne    (Mar.   26,  '10)   care  of  Lumen  Bearing  Co.,   Buffalo,   New  York. 
SKINNER,    Chas.     E.     (Dec.     31,    '09)     Engineer,     Research    Division,     Westinghouse 

Elec.    and   Mfg.    Co.,    Wilkinsburg,    Pa.;    mailing    address,    1309    Singer    Place. 
SKINNER,    H.    J.    (Apr.    3,    '02)    93    Broad   St.,    Boston,    Mass.,    c/o   A.    D.    Little. 
SKINNER,    L.    B.     (Oct.    23,    '14)    Treas.    &    Gen.    Supt.,    Western    Chem.    Mfg.    Co., 

Denver,   Colo. 
SKOWRONSKI,    Stanislaus    (June    1,    '07)    care    of    Raritan    Copper    Works,    Perth 

Amboy,    New   Jersey. 
SLADE,    W.    C.    (Apr.    30,    '08)    Res.    Metallurgist,    Gen.    Elec.    Co.,    Pittsfield,    Mass.; 

mailing  address,   328   South   St.,   Pittsfield,   Mass. 
SLATER,   Wm.    A.    (Feb.    25,    '11)    P.    O.    Box   1024,    Ft.   Worth,    Texas. 
SLOCUM,    Frank    L.    (Dec.    4,    '03)    Part    Owner,    Vice-Pres.    and    Gen.    Mgr.,    Miami 

Min.  Co.,   401   S.  Linden  Ave.,   E.  E,  Pittsburgh,   Pa. 
SLOCUM,    Herbert   J.,    Jr.    (June    28,   '12)    Salesman,    Brooklyn    Edison    Co.,    Gover- 
nor's Island,   New  Y'ork  City;  res.,   274  Canal  St.,   New  York  City. 
SMART,    Russel   S.    (July   26.   '12)    53   Queen   St.,   Ottawa,    Canada. 
SMITH,      Acheson      (Aug.      31,     '07)      Gen.     Mgr.,      Inter.      Acheson     Graphite     Co.; 

res.,    113   Jefferson  Ave.,   Niagara  Falls,   N.   Y. 
SMITH,    A.    T.    (Dec.    4,   '03)    257   Royal   Liver   Bldg.,   Liverpool,    England. 
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SMITH,    Prof.    A.   W.    (Apr.    3,    '02)    Case   School   of  Applied    Science;    res.,    1971    E. 

79th   St.,    N.    E.,    Cleveland,    Ohio. 
SMITH,   Dyer   (June  28,  '12)    32   Liberty   St.,   New  York   City. 
SMITH,   B:    A.    C.    (May   9,   '03)    c/o  Am.    Smelt,   and   Ref.    Co.,    165    Broadway,    New 

York  City. 
SMITH,    Dr.   Edgar   F.    (June   3,    '05)    Provost,   Univ.    cf  Penna.,    Philadelphia,    Pa. 
SMITH,    Edmund   S.    (Apr.   3,   '02)    Chemist,   The   Carborundum   Co.,    Niagara   Falls, 

N.    Y. 
SMITH,    E.   W.    (Apr.    3,   '02)    74   E.    Penn    St.,    Germantown,    Philadelphia,    Pa. 
SMITH,   F.  Warren    (May  9,   '03)   Provo  City,   Utah. 
SMITH,   Prof.    Harold  B.    (Sept.   4,  '03)    Prof,   of  Elec.   Ens..   Worcester  Polytechnic 

Inst. ;   res.,   Worcester,   Mass. 
SMITH,    Harold    H.    (Jan.    27,    '12)    Edison    Storage   Battery    Co.,    Orange,    N.    J. 
SMULL,  Judson  G.    (Nov.   26,   '07)   National  Lead  Co.,   617   Stoolhoff  Ave.,   Richmond 

Hill,    Long   Island,    N.   Y 
SMYTHE,     Edwin    H.     (May    29,    '09)     Electrical    Engine-,-,     73S     Monadnock    Bldg., 

Chicago,    111. 
SN'EATH,   Wm.    H.    (May   25,   '12)    Asst.    Supt.,   Electro   Metallurgical   Co.,    La   Salle, 

N.   Y. 
SNELLING,    Walter   O.    (Oct.    2,   '02)    7440-60   Finance   St.,    Pittsburgh,    Pa. 
SNOOK,    H.    Clyde,    A.M.     (Nov.    26,    '07)    Pres.,    Roentgen    Mfg.    Co.,    Mariner    and 

Merchant    Bldg.,    Philadelphia,    Pa. 
SNOW,    Wm.    M.    (Feb.    25,    '11)    Supt.    of   Acid   Works,    Illinois    Zinc    Co.,    Peru,    111. 
SNOWDOM,   R.   C.    (Feb.   3,  '06)   Niagara  Falls,   N.   Y. 
SNYDER,    Fred.    T.    (June    6,    '03)    Pres.,    Canada    Zinc    Co.,    73S    Monadnock    Bldg, 

Chicago,    111. 
SNYDER,   J.   L.    K.    (May   5,   '10)    Mamaronech,    New   York. 
SODERBERG,    Carl    W.     (Oct.    29,    '10)    Consult.    Eng.,    The    Jossingfjord    Mfg.    Co., 

Ski,   near  Christiania,    Norway. 
SOKAL,     Dr.     Edward     (Feb.     25,     '11)     Consulting    Engr.,     Universal     El.     Storage 

Battery   Co.,    Chicago,    111.;   res.,    2841   Michigan   Ave. 
SODVAY,    Armand    (Jan.    8,    '04)    Mgr.,    The    Solvay    Co.    of    Brussels,    33    rue    du 

Prince   Albert,   Brussels,   Belgium. 
SPARRE,    Fin    (Oct.    26,  '12)    606   W.   20th   St.,   Wilmington,   Delaware;    mailing  ad- 
dress,   Director,    care    of    Experimental    Station,    E.    I.    du    Pont    de    Nemours 
Powder   Co.,   Henry   Clay   P.    O.,   Delaware. 
SPEIDEN,   Clement   C.    (Nov.   6,   '02)    46   Cliff   St.,   New   York  City. 
SPEIDEN,    Eben   C.    (Feb.    2,   '06)    Supt.,   Int.    Acheson   Graphite   Co.,   Niagara  Falls, 

N.    Y. 
SPELLER,    Frank    N.     (Jan.    29,    '10)    Met.    Eng.,     National    Tube    Co.,    1824    Frick 

Bldg.,    Pittsburgh,    Pa.;    res.,    1624   Wightman   St. 
SPERRY,    Elmer   A.    (Apr.    3,    '02)    100    Marlborough    Road,    Prospect    Park,    South, 

Brooklyn,    N.    Y. 
SPICE,    Robert    (June   6,   '03)    252   Newark  Ave.,    Bloomfield.    N.    J. 
SPILSBURY,     Edmund    G.     (Jan.     28,    '11)     Consulting    Min.     Engr.,     45    Broadway, 

New   York   City. 
SPRAGUE,    Edmund   C.    (July    31,    'OS)    Chemist,    Int.    Acheson    Graphite    Co.;    res., 

518   Jefferson  Ave.,    Niagara   Falls.    N.   Y. 
STAFFORD,    Samuel    G.    (May    26,   '10)    Vice-Pres.    and   Gen    Mgr.,    Vulcan    Crucible 

Steel  Co.,   Aliquippa,  Pa.;   res.,   State  St.,  Coraopolis,    Pa. 
STAMPS,    F.    A.    (June    2,    '06)    Chem.,    c/o    Phosphorus    Compounds    Co.,    Niagara 

Falls,   N.   Y. ;   res.,   521   Jefferson  Ave. 
STANLEY,   Wm.    (Jan.   S.  '04)    Chestnutwood,   Maple  Ave..    Great   Barrington,   Mass. 
STANSFIELD,   A.,   D.Sc,   A.R.S.M.    (Jan.    8,   '03)    Prof,   of   Metallurgy,   McGill  Univ., 

Montreal,    Canada. 
STARK,    Edgar   E.    (Jan.    29,    '09)    City    Electrician,    Dunedin,    New    Zealand;    (Box 

465). 
STATHAM,    Noel    (Oct.    17,    '07)    West    Virginia   Pulp    &   Paper    Co.,    200    5th   Ave.. 

New   York   City. 
STEIN,   Walter   M.    (Jan.    8,    '03)    Pres.    and   Gen.    Mgr.,    Primos   Chem.    Co.,    Primos, 

Delaware  Co.,   Pa. 
STEINMETZ,  Charles  P.   (Aug.   7,  '02)   Gen.  Elec.   Co.;   res..   Wendell  Ave.,   Schenec- 
tady,  N.   Y. 
STEPHENSON,    Frank   T.    F.    (May    5,    '10)    Chemical    Dept.,    Detroit    Technical    In- 
stitute,  Detroit,   Mich.;   res.,   469   Trumbull  Ave.,   Detroit. 
STEVENS,   J.    Franklin    (Sept.    26,   '08)    Engr.,    1326   Chestnut    St.,    Philadelphia,    Pa. 
STEWART,   Reid  T.    (July  2  9.  '10)   Professor  of  Mechanical  Engineering,  University 

of    Pittsburgh,    Pittsburgh,    Pa.  ;    res.,    1524    Shady    Ave. 
STEWART,    Robert   Stuart    (Sept.    26,    '08)    Consult.    El.    Eng.,    814    Penobscot   Bldg., 

Detroit,    Mich. 
STICHT,    Robert    C.     (May    29,    '09)    General    Mgr.,    Mt.    Lyell    M.    &    R.    Co.,    Ltd, 

Queenstown,     Tasmania.     Australia. 
STILLMAN,    Dr.    T.    B.    (Sept.    4.    '03)    Fairmount    Hotel.    Jersey    City.    N.    J. 
STOLL,    Clarence  G.    (Mar.   27,   '09)    18   Rue   Boudewyns,   Antwerp,    Belgium. 
STONE,    ('has.   A.    (Apr.    3.   '02)    Stone   &   Webster,    84    Stat.-   St.,    Boston.    Mass. 
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STONE,   Geo.   C.    (May  24,  '13)   Metallurgist,   New  Jersey  Zinc  Co.;   mailing  address, 

55   WaH    St.,    New   York  City. 
STONE,     George    W.     (Mar.     27,     '09)     c/o     Hooker     Electrochemical     Co.,     Niagara 

Falls,   N.    Y. 
STONE,   I.   P.    (Jan.   29,   '09)   Pres.,   Nat.   Analine   &   Chemical   Co.,    loo   William  St., 

New    Ycrk    City. 
STONE,    Joseph   P.    (Nov.    21,    '08)    El.    Eng.,   Agar   Cross   &   Co.,    Paseo   Colon   515, 

Buenos   Aires,    Argentine   Republic,    S.    A. 
STONE,  John  Stone  (Jan.  2a,  '09)   Pres.,  Stone  Tel.  &  Tel.  Co.,  Boston,   Mass.;  res., 

31   State  St. 
STOREY,    Oliver    Wendell     (Feb.     25,     '11)     Corrosion    Chemist,     Bureau    of    Mines, 

Carnegie    Technical    Schools,    Pittsburgh.    Pa. 
■STOUGHTON,   Bradley   (Dec.   31,  '09)   29  W.   39th  St.,   New  York  Citv. 
STOVER,    Edward    C.    (Dec.    26,    '08)    Asst.    to    Gen.    Mgr.,    Trenton    Potteries    Co., 

Trenton,    N.    J.;    res.,    474    W.    State    St. 
STUPAKOFF,    S.    H.     (Feb.    27,    '14)    Manufacturer,    401-431    Amberson    Ave,    Pitts- 
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STYRI,   Haakon    (Feb.   25,   '11)   Docent  of  the  Metallurgy  of  Iron,   Norges   tekniske 

hoiskole,    Trondhjem,    Norway. 
SUMMERS,    Leland    L.     (Sept.    26,    'OS)    L.    L.    Summers    &    Co.,    First    Nat'l    Bank 

Bldg.,    Chicago,    111. 
SWENARTON,  W.   Hastings   (Apr.   27,  *12)   Firm  of  Merwin  &  Swenarton,   2   Rector 

St.,    New   York   City. 
SYMMES,   Whitman    (Dec.    4,   03)    Consult.    Chem.   Eng.,   Virginia   City,   Nev. 
TACHIHARA,    Jin    (Mar.    27,    '14)    Electrical    Engineer,    Mitsu    Bishi   dockyard    and 

Engine  Wks.,  Kobe,   Japan. 
TADA,   Commander  S.    (Sept.   4,  '03)   Naval  Inspector's  Office,   Kawasaki  Dockyard, 

Kobe,  Japan. 
TAGGART,    Walter  T.    (Nov.    6,   '02)    University  of   Pennsylvania,    Dept.    of   Chem., 

Philadelphia,    Pa. 
TAKAMINE,    Jokichi    (Feb.    27,    '09)    Research    Chemist,    Parke,    Davis    &    Co.,    550 

W.    173d  St.,   New   York  City. 
TALBOT,    Prof.    H.    P.    (Jan.    S,    '04)    Prof,    of   Inorganic   and    Analyt.    Chem.,    Mass. 

Inst,   of  Tech.;  res.,   273   Otis  St.,  West  Newton,   Mass. 
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Lake,   N.   J.;   res.,    282    17th   Ave.,    Newark,   N.   J. 
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VALENTINE,    Wm.     (Sept.    17,    '03)     22    Mitchell    Ave.,    Waterbury,    Conn. 
VAN  ARSDALE,   Geo.  D.    (June  21,  '11)   Consulting  Chemist,   Phelps,   Dodge  &  Co., 
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VAN   BRUNT,    Chas.    (Feb.    27,    '09)    Chemist,    Research   Laboratory,    General    Elec- 
tric Co..    Schenectady,    N.    Y. 
VAN    DEVENTER,    Harry    R.     (Feb.    27,    '09)    Elec.    Engr.,    Sumter    Tel.    Mfg.    Co., 

Sumter,   S.   C. 
VAN  WINKLE.  Abr.    (Jan.  8,  '03)   Pres.,  The  Hanson  &  Van  Winkle  Co.,   35  Lincoln 

Park,    Newark,    N.    J. 
VAUGHN,    C.    F.    (Nov.    6,    '02)    Supt.    Castner    Electrolytic    Alkali    Co.,    University 

Club,    Niagara   Falls,    N.   Y. 
VOGT,    Clarence   C.    (Mar.    26,   '10)    Assistant   Profesor   of  Chemistry,    University   of 

Pittsburgh,   Grant  Boulevard,   Pittsburgh,  Pa. 
VOM   BAUR,    Carl    H.    (Oct.    26,    '12)    Engineer   &   Sales    Mgr.,    79    Milk    St.,    Boston, 

Mass. 
VON    KUEGELGEN,    Franz    (May    7,    '08)    c/o   Virginia    Electrolytic    Co.,    99    Cedar 

St.,    New    York    City. 
VOORHEES,    Louis   A.    (Apr.    3,    '02)    111   Carroll   Place.    New   Brunswick,    N.    J. 
VORCE,    L.    D.    (July    31,    '07)    Supt.,    Penna.    Salt    Mfg.    Co.,    Wyandotte,    Mich. 
VROOMAN,    H.    H.    (June    25,   '09)    Apartado   491,    Barcelona,    Spain. 
WADDELL,    Montgomery    (Mar.    27,    '09)    Consulting    Engr.,    30    Church    St.,    New 

York    City. 
WADSWORTH,    Frank   L.   O     (July    1,   '04)    Sewickley,    Pa.;    business   address,    1347 

Oliver  Bldg.,    Pittsburgh,    Pa. 
WAGNER,    Henry   L.    (Apr.    3,   '02)    518   Sutter  St.,    San   Francisco,   Cal. 
WALDO,  Wm.   B.    (June   21,  'ID   Consulting  Eng.,   7   East   42d  St.,   New  York  City. 
WALKER,    Arthur    L.     (Feb.     27,    '09)     Prof,    of    Metallurgy,     Columbia    University, 

New   York   City. 
WALKER,   C.   R.    (Mar.   5,   '03)    P.   O.   Box  517,   Fairfield,   Ala. 
WALKER,    James  W.,    J.    P.    (July   26,    '12)    Managing   Director,    Alexander   Walker 

&  Co.,    Marine   Lodge,    Irvine,    Scotland. 
WALKER,  Dr.  W.  H.    (Aug.   7,  '02)   Prof.   Ind.   Chem.,  Mass.  Inst,   of  Tech.,  Boston. 

Mass. 
WALLACE,   Walter    (Jan.    29,   '09)    Assistant  Works   Mgr.,   Oldbury   El.   Chem.    Co., 

Niagara   Falls,    N.    Y. 
WALMSLEY,    Walter   N.    (Sept.    24,   *10)    Gen.   Mgr.,    The   S.    Paulo    Tramway   Light 

and  Power  Co.,   S.   Paulo,   Brazil. 
WALSH,    Philip    C,    Jr.     (Apr.    7,    '06)    Member    Walsh's    Sons    &    Co.,    Metal    and 

Machinery   Merchants,    19   Grant   St.,    Newark,    N.   J. 
WALTER,    C.   A.    (Apr.    6,   'ID    Warren   House.    Perth   Amboy,   N.    J. 
WALTERS,    Joseph     (Nov.    27,    '14)     Foreman    Electroplater,     The    Southern    Stove 

Works;    mailing   address,    2019    Park   Ave.,    Richmond,    Va. 
WARD,  A.   T.    (Apr.   26,   '13)    Braden  Copper  Co.,   Raucagua,   Chile,    So.   America. 
WARD,  Louis  E.    (Mar.   25,  '08)   Rumford,  Me. 
WARING,   Tracy  D.    (Apr.   6,  '07)   Standard  Underground  Cable   Co.,   Perth   Amboy. 

N.  J. 
WARNER,    Ernest   P.    (Nov.    26,   '10)    500    S.    Clinton   St.,    Chicago.    111. 
WASHBURN,    Frank    S.     (Oct.    29,    '08)    c/o    American    Cyanamid    Co.,     Stahlman 

Bldg.,    Nashville,    Tenn. 
WATERMAN,    Frank   N.    (Apr.    3.   '02)    100   Broadway,    New   York   City. 
WATSON,    Ralph   A.    (Feb.    27,   '10)    922    9th    St.,    Douglas,    Arizona. 
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WATTS,   Geo.   W.    (Oct.   28,.  '09)   Works  Manager,    The  Canadian  General  Elec.   Co., 

Ltd.,    Toronto,    Canada;    res.,    1    Beaumont    Road. 
WATTS,  Oliver  P.,   Ph.  D.    (Mar.   5,  '04)   Asst.   Prof,   of  Applied  Electrochem.,  Univ. 

of  Wisconsin;  res,,   114   Spooner  St.,   Madison,  Wis. 
WEAVER,  W.  D.    (Apr.   3,   '02)   Charlottesville,   Va. 
WEBB,    L.   W.    (Sept.    26,    '08)    Master   Elect.,   Const,   and   Rep.    Dept.,    Navy   Yard, 

Norfolk,  Va. 
WEBB,   Zach.    (June   21,  '11)   Chemist,   Jones  &  Laughlin   Steel   Co.,   Eliza  Furnace 

Dept.,   Pittsburgh,   Pa.;   res.,   861   Lilac   St.,    15th   Ward. 
WEBER,    Ervin    G.    (Sept.    20,    '11)    Schwartauer    Allee,    Kuhlhaus,    Liibeck    A.-G., 

Liibeck,   Germany. 
WEBER,   Dr.   M.   G.    (Apr.   29,  '11)   Works  Mgr.,   Roessler  &  Hasslacher  Chem.   Co., 

Perth   Amboy,    N.   J.;    res.,    129   Water   St. 
WEBERT,   Louis   P.    (Feb.   23,    '12)    Box   717,    Bath,   Me. 

WEBSTER,   Clement  L.    (Apr.   24,  '09)   Geologist  and  Mining  Engr.,   The  Interstate 

Investment    and    Development    Co.,    Charles    City,    Floyd    Co.,    Iowa;    mailing 

address,   111  Hawkins  Ave. 

WEBSTER,   Edwin   S.    (Apr.    3,   '02)    Stone   &  Webster,    84   State   St.,   Boston,    Mass. 

WEEKS,   Charles  A.    (Nov.   27,  '09)   The  Forrest  Bldg.,    119   S.   4th   St.,   Philadelphia, 

Pa.;   res.,   2006   N.   20th  St. 
WEEKS,    F.    D.    (May   27,   '11)    Smelter   Supt.,    The   Ohio   and   Colorado   Smelt,    and 
Ref.    Co.,    Salida,    Col. ;    mailing    address,    c/o    Metallurgical    Co.    of    America, 
52    Broadway,    New    York   City. 
WEIMER,  Edgar  A.   (Jan.  29,  '09)  Pres.  and  Supt.,  Weimer  Machine  Co.,  Lebanon, 

Pa. 
WEINSTEIN,   Dr.    Louis   J.    (Apr.    6,   '11)    Dental   Laboratory,    507    Fifth   Ave.,    New 

York  City. 
WEINTRAUB,    Ezechiel    (Oct.    29,    '08)    Director   of    Research    Lab.,    Gen.    El.    Co., 

West    Lynn,    Mass. 
WEISENBURG,    Andrew    (Feb.    23,    '12)    Placer    Examination    in    Colombia,    South 

America. 
WEITLANER,   R.   J.    (Apr.   6,   '11)    Fuel   Engr.,   Midvale   Steel   Co.,   Philadelphia    Pa 
WELLMAN,    S.    T.    (Apr.    6,   '11)    1900    E.    90th   St.,    Cleveland,    Ohio. 
WELLS,   Prof.   J.   S.   C.    (Nov.    6,  '14)   c/o  R.  deC.   Greene,   105  Thomas  Ave.,   Cran- 

ford,    New   Jersey. 
WEN,   Ching   Yu    (June   21,   '11)    15B.    Glassfield   Road,    Shanghai,    China. 
WENNER,    R.    S.    (Dec.    26,   '13)    Elec.    Engr.,    Box   44,   Metaline   Falls,   Washington. 
WENTWORTH,    H.    A.    (Jan.    22,    '14)    Consult.    Eng.,    158    Auburn    St.,    Auburndale, 

Mass. 
WERBY,    A.    B.    (Mar.    23,    '12)    Werby    &  Young,    Consult.    &   Analytical    Chemists, 

108   Howland  St.,    Roxbury,   Mass. 
WESSON,   David    (May   1,   '06)    Mgr.   of  Tech.   Dept.,   The   Southern   Cotton   Oil   Co., 

Ill  So.   Mountain  St.,   Montclair,   N.  J. 
WESTON,    Edw.,   Sc.D.,   LL.D.    645   High   St.,   Newark,   N.   J. 
WHEELER,    A.    E.    (Feb.    6,    '04)    c/o    Robt.    Williams    &    Co.,    Friars    House,    New 

Broad   St.,    London,    E.    C,    England. 
WHEELER,   Fred  B.    (Apr.   24,   '09)    Consult.   Engineer,   Stepney   Depot,   Conn. 
WHITAKER,  M.  C.    (May  22,  '14)  Prof,  of  Chem.,   Columbia  Univ.,   New  York  City. 
WHITE,    Albert    R.    (Jan.    28,    '11)    Menominee   and    Marinette   Light    and    Traction 

Co.,   Menominee,  Mich. 
WHITE,   Arthur  J.    (Feb.   25,   '11)    1212   Eldridge   Ave.,   West   Collingswood,    N.   J. 
WHITE,     Edmond     A.     (July     31,     '08)     Const.     Eng.,     The     Electrolytic     Ref.     and 

Smelt.   Co.,   Port  Kembla,   N.   S.  W.,  Australia. 
WHITE,    Frederick    L.     (May    5,    '10)    Research    Associate,    1543    Wyandotte    Ave., 

Lakewood,    Ohio. 
WHITE,    J.    G.    (Sept.    4,    '03)    Pres.,    J.    G.    White    &    Co.,    43-49    Exchange    Place, 
New    York;    chairman    of    J.    G.    White    Co.,    Ltd.,    22 A    College    Hill,    London, 
E.   C,   England;   res.,   440  West  End  Ave.,   New  York  City. 
WHITE,    R.    H.    (Oct.   2,   '02)    care   of  Norton   Co.,   Niagara   Falls,    N.   Y. 
WHITHAM,    Gilbert    Shaw    (Sept.    27,    '13)    19   Alexander    Road,    Ulverston,    Lanes., 

England. 
WHITING.  Jasper   (Nov.   26,  '07)   The  Whiting  Co.,   89  State  St.,   Boston,  Mass. 
WHITLOCK,    E.    H.    (May    9,   '03)    Cons.    Eng.    &   Carbon   Expert,    1506    West    112th 

St.,    Cleveland,    Ohio. 
WHITNEY,   Dr.   W.   R.    (Apr.    3,   '02)   General  Elec.   Co.,    Schenectady,   New   York. 
WHITTEN,   Wm.   M.    (Apr.    3,   '02)    727   du   Pont   Bldg.,    Wilmington,   Del. 
WICHMAN,   Hugo  J.    (Dec.   27,  '07)   U.   S.  Food  Inspection  Laboratory,   Denver,  Col. 
WICKES,     Clarence     S.     (May     26,     '10)     Superintendent,     Record     Factory,     Victor 
Talking  Machine  Co.,  Philadelphia;  res.,  28  Franklin  Ave.,  Merchantville,   N.  J. 
WIECHMAN,    F.    G.    (Apr.    3,    '02)    Consulting   and    Research    Chemist,    39   W.    38th 

St.,   New  York  City. 
WIGGLESWORTH,  Henry    (June  6,  "03)  Mfg.  Chem.,   General  Chem.  Co.,   25  Broad 

St.,   New  York  City. 
WILCOX,    W.    G.    (Sept.    28,    '12)    c/o    Aluminum    Co.    of    America,    Niagara    Falls, 

N.    Y. 
WILDER,   Frederic  L.    (Feb.   6,   '04)    10   Forest   Rise,   Walthamstow,   N.    E.   England. 
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WILEY,   Brent    (May   29,   '09)    Commercial   Engr.,   Westinghouse   Elec.    &   Mfg.    Co., 

5806   Howe  St.,   Pittsburgh,   Pa. 
WILKE,    William    (Feb.    27,    '09)    Chemical    Engineer,    86    Norwood    Ave.,    Buffalo, 

N.   T. 
WILKENS,   E.   M.    (Sept.    26,  '08)   Apartado   136,   Aguascalientes,   Mexico. 
WILLARD,   Frederic  W.    (Nov.    26,  '10)   506   N.   Elmwood  Ave.,   Oak  Park,   111. 
WILLARD,    Dr.   H.   H.    (Feb.    6,   '0-1)    Asst.    Prof.,    Analytical   Chemistry,   University 

of   Michigan,   Ann   Arbor,    Mich. ;   res.,    802   Monroe   St. 
WILLEY,   Iceland   M.    (June   29,   '07)    Chemist,   Gen.   Elec.   Co.,    Schenectady,    N.   Y. ; 

res.,   230  Liberty  St. 
WILLIAMS,    Arthur    (Sept.    26,    '08)     c/o    New    York    Edison    Co.,    55    Duane    St., 

New  York  City. 
WILLIAMS,    Egbert   R.    (Nov.    30.   '12)    43   Kendall   Ave.,    Toronto,    Canada. 
WILLIAMS,    Harry  J.    (Mar.   3,   '06)   7  Brooks  Ave.,   Worcester,   Mass. 
WILLIAMS,   John  T.    (Apr.    2,   '04)    S15   Madison  Ave.,   New   York   City. 
WILLIAMS,    Frank   M.    (June    2S,    '12)    Consulting   Chemical    Engr.,    177    Mullin    St., 

Watertown,   N.   Y. ;   res.,    43-44   Sherman   Bldg.,   Watertown,    N.    Y. 
WILLIAMSON,   A.    M.    (Nov.    26,    '07)    Chemist,    with   Inter.    Acheson   Graphite   Co., 

Niagara   Falls,    N.    Y. 
WILLS,    Henry   Le  Vagne    (Sept.    26,   '08)    P.   O.    Box   450,    Tallulah   Falls,    Ga. 
WILSON,  Irving  W.    (Jan.   28,  '11)  Aluminium  Co.   of  America,  Massena,   N.   Y. 
WILSON,  J.   Rattray    (Jan.   29,  '09)   El.   Eng.,   Niagara  Falls,   N.  Y.    (Box  801). 
WINDER,    C.   A.    (May    22,    '14)    Res.    Agt.,    General   Electric   Co.;    mailing   address, 

52   Gluck   Bldg.,   Niagara  Falls,   N.   Y. 
WINSHIP,    Dr.   Walter   E.    (Aug.    5,   '05)    Titan   Storage   Batteries   Co.,    Lister  Ave., 

Newark,   N.  J. 
YVTNSLOW,    C.    V.    (Apr.    2,   '13)    Foreman   Electroplater,   Turner   and   Seymour   Co., 

536    South    Main   St.,    Torrington,    Conn. 
WINSLOW,  Fred.  E.    (Feb.   27,  '09)   2101  W.  Adams  St.,  Chicago,  111. 
WIRT,    Chas.    (July    26,    '12)    Pres.,   Wirt   Co.,    Philadelphia,    Pa.;    mailing   address, 
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Yunck,  J.  A. 

Trenton — 

Stover,  Edward  C. 

Watehung — 

Moldenke,  Richard 

West    C'ollingswood — 

White,  A.  J. 

Westfleld— 

Fleming,  R. 

NEW    MEXICO 

Magdalena — 

Benjamin,  W.  W. 

Socorro — 

Kemmerer,  G. 

NEW   YORK 

Albany — 

McElroy,  J.  F. 
Rankin,  Herbert  E. 

Bedford   Hills- 
Howe,  H.  M. 
Brooklyn — 

Cowan, -Wm.  A 
Erhart,  W.  H. 
FitzGibbon,  R. 
Foster,  O.  R. 
Landolt,   P.   E. 
Maywald,  F.  J. 
Potthoff,  Louis 
Sheldon,  S. 
Sperry,  E.  A. 
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Buffalo — 

Albright,  L. 
Bierbaum,  C.  H. 
Childs,  D.  H. 
Cooper,  K.  F. 
Corse,  Wm.  M. 
Doty,  E.  L. 
Garretson,  Eugene 
Mantius,  Otto 
Onions,  Geo.  I. 
Patch,  N.  K.  B. 
Ramage,  A.  S. 
Shepherd,  F.  A. 
Skillman,  V. 
Wilke,  Wm. 
Zaremba,  Edward 

Clinton — 

Saunders,  A.  P. 

Glen  Falls — 

Hilliard,  John  D. 
Hastingrs-on-Hudson — 

Kenyon,  O.  A. 

Ithaca — 

Bancroft,  W.  D. 
Bennett,  C.  W. 
Gillett,  H.  W. 
Lohr,  J.  M. 

Kenwood — 

Reeve,  A.  G. 

LaSalle — 

Sneath,  Wm.  H. 
L,ookport — 

Howard,  L.  E. 
Kenan,  W.  R.,  Jr. 

Mamaronech — 

Snyder,  J.  L.  K. 
Massena — 

Doerschuk,  V.  C. 
Falter,  P.  H. 
Hall,  H.  M. 
Herzog,  G.  K. 

Mechanicsville — 

Buckie,  R.  H. 
Menands — 

Shiverick,  M.  D. 
Monticello— 

Drobegg,  Dr.  Gustave 

Isakovics,  A.  von 
Mt.  Vernon — 

Dabolt,  N.  E. 
New   Brighton — 

Burger,  Alfred 

New  York  City — 

Abbe,  P.  O. 
Allyn,  R.  S. 
Aldridge,  W.  H. 
App,  O.  A. 
Baker,  H.  A. 
Barstow,  W.  S. 
Baskerville,  C. 
Beck,  E.  A. 
Beutner,  R. 
Bijur,  J. 

Bjorkstedt,  Wm. 
Bogue,  C.  J. 
Bowman,  W. 
Bradley,  C.  S. 
Bradley,  W.  E.  F. 
Breneman,  A.  A. 
Brown,  H.  P. 
Browne,  D.  H. 
Browne.  deCourcy  B. 


Buck,  H.  W. 
Caldwell,  E. 
Cameron,  W.  S. 
Canet,  B.  Chas. 
Carse,  D.  B. 
Case,  W.  E. 
Castle,  S.  N. 
Chandler,  C.  F. 
Clark,  W.  G. 
Clark,  W.  J. 
Cleaves,  M.  A. 
Coho,  H.  B. 
Cohoe,  W.  P. 
Colcord,  F.  F. 
Colvocoresses.  Geo.  M. 
Comstock,  L.  K. 
Corning,  C.  R. 
Crocker,  F.  B. 
Crocker,  J.  R. 
Curran,  T.  F.  V. 
Dixon,  Jos.  L. 
Doerflinger,  W.  F. 
Doremus,  C.  A. 
Douglas.  James 
Dreyfus,  W. 
Duncan,  L. 
Dwight,  Arthur  S. 
Eimer,  A. 
Elliott,  A.  H. 
Emerson,  H. 
Englehard,  C. 
EnHolm,  O.  A. 
Eurich,  E.  F. 
Fliess,  R.  A. 
Frank,  K.  G. 
Freas,  Thos.  B. 
Frederick,  G.  E.,  Jr. 
Fries,  H.  H. 
Gaines,  R.  H. 
Goepel,  C.  P. 
Goodrich.  R.  R. 
Govers,  F.  X. 
Gray,  J.  H. 
Grosvenor,  W.  M. 
Guess,  H.  A. 
Guiterman,  K.  S. 
Halcomb,  C.  H. 
Hansell,  N.  V. 
Harris.  J.  W. 
Hasslacher,  J. 
Hatzel,  J.  C. 
Hemingway,  Frank 
Hill,  N.  S.,  Jr. 
Hirsch,  Alcan 
Hirschland,  F.  H. 
Hoge,  J.  F.  D. 
Huntoon,  I...  D. 
Ingalls,  W.  R. 
Joyce,  C.  M. 
Kennedy,  J.  J. 
Kern,  E.  F. 
Kirchoff,  C. 
Kissock,  Alan 
Klipstein,  E.  C. 
Knapp,  Geo.  O. 
Kohn,  M.  M. 
Kunz,  G.  F. 
Dangdon,  P.  H. 
Langton,  J. 
Leavitt,  Wm.  F.  B. 
Ledoux,  A.  R. 
Liebmann,  A.  J- 
L,ienau,  J.  H. 
Love,  E.  G. 
Dovejoy.  D.  R. 
Lucke,  H.  J. 
MacDonald,  J.  A. 
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MacGregor,  R.  A. 
Mailloux,  C.  O. 
Marsh,  C.  W. 
Martin,  T.  C. 
Marvin,  A.  B. 
Mason,  E.  J.  K. 
Mason,  F.  S. 
Mastick,  S.  C. 
McAllister,  A.  S. 
McNeill,  R. 
Mershon,  R.  D. 
Merton,  R. 
Metz.  H.  A. 
Moody,  H.  R. 
Morgan,  J.  L.  R. 
Morse,  W.  S. 
Muir,  J.  M. 
Muschenheim,  F.  A. 
Nathan,  A.  F. 
Nichols,  W.  H. 
Nichols,  W.  S. 
Ornstein,  G. 
Pearson,  F.  S. 
Pennie,  J.  C. 
Pleiss,  Paul 
Price,  E.  F. 
Prindle,  E.  J. 
Prosser,  H.  A. 
Ricketts,  L.  D. 
Riglander,  M.  M. 
Riker,  J.  J. 
Roeber,  E.  F. 
Rossi,  A.  J. 
Ruhl,  L. 
Schildhauer,  Edw. 

Schloss,  J.  A. 
Schuetz,  F.  F. 

Scudder,  H. 

Seward,  G.  O. 

Sharp,  C.  H. 

Sieger,  G.  N. 

Slocum,  H.  J. 

Smith,  Dyer 

Smith,  E.  A.  C. 

Speiden,  C.  C. 

Spilsbury,  E.  G. 

Statham,  Noel 

Stone,  Geo.  C. 

Stone,  I.  F. 

Stone,  J.  P. 

Stoughton,  Bradley 

Swenarton,  W.  H. 

Takamine,  J. 

Taylor,  J.  R. 

Teeple,  J.  E. 

Thatcher,  C.  J. 

Thompson,  J. 

Thompson,  R.  N. 

Toch,  M. 

Tucker,  S.  A. 

Van  Arsdale,  G.  D. 

Waddell,  M. 

■Waldo,  WT  B. 

Walker,  A.  L. 

"Waterman,  F.  N. 

Weeks,  F.  D. 

Weinstein,  B.  J. 

Whitaker,  M.  C. 

White,  J.  G. 

Wiechmann,  F.  G. 

Wigglesworth,  H. 

Williams,  A. 

Williams,  J.  T. 

Witherell.  C.  S. 

Wood,  E.  F. 

Wright,  Arthur 

Zeller,  R. 


Niagara  Falls — 

Arison,  W.  H. 
Barnes,  Carl  S. 
Barton,  P.  P. 
Bayard,  R.  A. 
Becket,  F.  M. 
Beckman,  J.  W. 
Bennie,  P.  McN. 
Bliss,  Wm.  Lord 
Callahan,  J.  F. 
Carveth,  H.  R. 
Cole,  E.  R. 
Converse,  V.  G. 
Cox,  G.  E. 
Dunlap,  O.  E. 
Edmands,  I.  R. 
FitzGerald,  F.  A.  J. 
Fowler,  R.  E. 
Giles,  I.  K. 
Glaze,  John  B. 
Griffith,  J.  R. 
Hall,  C.  M. 
Harper,  J.  L. 
Haskell,  F.  W. 
Hendrie,  G.  A. 
Hepburn,  D.  M. 
Hinchley,  A.  T. 
Horry,  W.  S. 
Hooker,  A.  H. 
Humbert,  E.  P, 
Hutchins,  Otis 
Imlay,  L.  E. 
Johnson,  J.  A. 
Kellogg,  H.  W. 
Kemmer,  F.  R. 
Koethen,  F.  L. 
Leffel,  C.  E. 
Lidbuiy,  F.  A. 
MacMahon,  J. 
MacMillan,  J.  R. 
Marshall,  J-  G. 

Mauran,  Ml 
McCullough,  H.  F. 
Meredith,  W.  F. 
Moritz,  C.  H. 
Moyer,  G.  C. 

Petinot,  N. 

Phillips,  R. 

Randall,  J.  W.  H. 

Ross,  Wm. 

Russell,  C.  A. 

Saunders,  L.  E. 

Sergeant,  E.  M. 

Simmers,  A.  L. 

Smith,  A. 

Smith,  E.  S. 

Snowdon,  R.  C. 

Speiden,  E.  C. 

Sprague,  E.  C. 

Stamps,  F.  A. 

Stone,  G.  W. 

Taylor,  Chas.  E 

Tone,  F.  J. 

Vaughn,  C.  F. 

Wallace,  W. 

White,  R.  H. 

Wilcox,  W.  G. 

■Wilson,  J.  R. 

"Williamson,  A.  M. 

Winder,  C.  A. 

Ossiningr — 

Acker,  Chas.  E. 

Penn  Yan — 

Taylor,  E.  R. 
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IMermont — 

Main,  W. 
Poughkeepsie — 

Moulton.  C.  W. 

Quintard,  Edw. 
Trince    Bay    (S.    I.)  — 

Johnston,  F.  A. 

Johnston,  W.  A. 
Richmond  Hill    (L.  I.)  — 

Haslwanter,  C. 

Herreshoff,  J.  B. 

Maeulen,  F. 

Smull,  J.  G. 
Rochester — 

Hutchings,  J.  T. 

Schwarz,  R.  C. 
Schenectady — 

Andrews,  W.  S. 

Arsem,  W.  C. 

Arthur,  Walter 

Berg.  E.  J. 

Capp,  J.  A. 

Coffin,  F.  P. 

Coolidge,  Wm.  D. 

Creighton,  E.  E. 

Dushman,  Saul 

Ferguson.  C.  V. 

Hansen,  C.  A. 

Hawkins,  L.  A. 

Lamar,  M.  O. 

Langmuir,  I. 

MacKay,  G.  M.  J. 

Murphy,  E.  J. 

Reist.  H.  G. 

Rushmore.  D.  B. 

Seede,  J.  A. 

Steinmetz,  C.  P. 

Taylor,  J.  B. 

Valentine,  I.  R. 

Van  Brunt,  C. 

Whitney,  W.  R. 

Willey,  L.  M. 
Sea  Gate — 

Rowand,  L.  G. 
Syracuse — 

Brookfield.  W.  B. 

Matthews,  J.  A. 
Pennock,  J.  D. 
Troy — 

Hunter.  M.  A. 
Lincoln,  A.  T. 
Watertown — 

Williams,  F.  M. 
Williamsville — 

Cushing,  H.  M. 
Yonkers — 

Baekeland,  L.  H. 
Harrington,  E.  I. 

NORTH    CAROLINA 

Charlotte — 

Gilchrist,  P.  S. 
Clemmons — 

Pickens,  Rufus  H. 
stackhouse — 

Betts,  A.  G. 
West   Raleigh — 

Browne,  W.  H. 
Whitney — 

Marseilles.  Wm.  P. 

Rockwell,  Wm.  F. 


OHIO 

Akron — 

Shaw,  E.  C. 
Alliance — 

Baily.  T.  F. 
Bird,  C.  T. 
Cope,  F.  T. 
Amherst — 

Briggs,  F.  H. 
Cincinnati — 

Ashton,  James 
Cleveland — 

Brady,  W.  B. 
Brown,  J.  W. 
Chillas,  R.  B.,  Jr. 
Clymer,  W.  R. 
Cook,  Edw.  B. 
Crider,  J.  S. 
Fleming,  S.  H. 
Graves,  W.  G. 
Holmes,  M.  E. 
Hudson,  A.  J. 
Hyde,  E.  P. 
Koehler,  W. 
Mainwaring,  Wm.  D. 
Mann,  W.  W. 
Pratt,  E.  B. 
Smith,  A.  W. 
Taylor,  F.  D. 
Wellman,  S.  T. 
Whitlock,  E.  H. 
Woodward,  J.  M. 
Columbus — 

Flowers,  A.  E. 
Withrow,  J.  R. 
Dayton — 

Clements,  F.  O. 
Deeds,  E.  A. 
Dorsey,  H.  G. 
Foley,  Chas.  B. 
Niswonger,  E.  E. 
Fostoria — 

Downes,  A.  C. 
Fremont — 

Goodwin,  J.  H. 
Ziegler,  W.  W. 
Lakewood — 

Bullock,  A.  R. 
Chaney,  N.  K. 
Moore,  Wm.  C. 
Mott.  W.  R. 
Ordway.  D.  L. 
Pulman,  O.  S. 
White,  F.  L. 
Middletown — 

Ahlbrandt,  G.  F. 
Napoleon — 

Long,  G.  E. 
Oberlin — 

Crafts,  W.  N. 
Kit  I  man — 

Laib.  Walter 
Salem — 

Davis.  D.  L. 
Steubenville — 

Homan,  J.  G. 
Warren — 

Richardson,  E.  A. 
Youngstown — 

Blinker,  H.  L. 
Danforth,  Chas.  W. 
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OREGON 
Cornucopia — 

Keeney,  R.  M. 

PENNSYLVANIA 

Altoona — 

Casselberry,  H. 
Hanger,  S.  R. 

Ambler — 

Coleman,  Wm.  B. 

Ambridge — 

Farnham,  F.  F. 

Aspinwall — 

Hessom.  B.  F.,  Jr. 

Bethlehem — 

Dyrssen,  W. 
Fennel,  J.  Wm. 
Brackenridge — 

Conneli,  H.  R. 
Ober,  J.  E. 

Braddoek — 

Friedlaender,  E. 
Lewis,  J.  D. 

Bridgeville — 

Saklatwalla.  B.  D. 

Bryn  Mawr — 

Ely,  T.  N. 
Getman,  F.  H. 

Canonsburg — 

Allen,  T.  B. 
Bleecker,  W.  F. 
Guerber,  A.  J. 
Morrison,  W.  L. 

Chester — 

Comey,  A.  M. 

Coraopolis — 

Stafford,  S.  G. 
von  Kugelgen,  F. 

Creighton — 

Gelstharp,  F. 
Kerr,  Chas.  H. 
Parkinson,  J.  C. 

Crofton — 

Fawcett,  L.  H. 

Duquesne — 

Unger,  J.  S. 

Easton — 

Adamson,  G.  P. 
Gordon,  C.  McC. 
Hart,  E. 
Shimer,  E.  B. 

Ellwood   City — 

Barton,  Chas.  R. 
Dunn,  J.  J. 
Offutt,  J.  W. 

Erie — 

Diller,  H.  E. 

Ford  City — 

Gildard,  W.  R. 

Gettysburg — 

Parsons,  L.  A. 

Harrisburg — 

Baltzell.  W.  H. 
Calder,  A.  R. 

Ingram — 

Armor,  J.  C. 

Johnstown — 

Appel,  M. 
Kenney,  E.  F. 
Parkhurst,  C.  W. 


Latrobe — 

Sessions,  R.  L.- 
Lebanon— 

Crowell,  W.  J-.  Jr. 

Weimer,  E.  A. 
McKeesport — 

Clarke,  E.  B. 

Garratt,  Frank 

Goodspeed,  G.  M. 

Munhall — 

Hopkins.  G.  A. 

James,  E.  T. 

McNiff,  G.  P. 

Reese,  P.  P. 
New   Castle — 

Samuels,  Wm.  P. 
New   Kensington — 

Wilson,  I.  W. 
Palmerton— 

Holdstein,  L.  S. 

Parnassus — 

Blough.  Earl 

Philadelphia — 

Benoliel,  S.  D. 
Bonine,  Chas.  E. 
Bower,  F.  B. 
Breed,  G. 
Brophy,  O. 
Cary,  C.  R. 
Chance,  H.  M. 
Clamer,  G.  H. 
Corbin,  J.  R. 
Davis,  F.  W. 
Davis,  R.  W.,  Jr. 
Devereux,  W. 
Eglin,  W.  C.  L. 
Fraley,  J.  C. 
Furness,  R. 
Gerety,  J.  J 
Gibbs,  A.  E. 
Goldbaum,  J.  S. 
Hering,  C. 
Hess,  H. 
Hicks,  Edwin  F. 
Hitchcock,  F.  R.  M. 
Hornor,  H.  A. 
Howard.  G.  M. 
Keith,  N.  S. 
Kitsee,  I. 
Lafore,  J.  A. 
Lavino,  E.  J. 
Lay,  J.  Tracy 
Luckens,  H.  S. 
McConnell.  J.  Y. 
McFarlin,  J.  R. 
Merzbacher,  Aaron 

Meyer,  J. 

Morgan,  Leonard  P. 

Nodell.  Wm.  L. 

Paul,  H.  N. 

Rosengarten,  G.  D. 

Russell,  C.  J. 

Sadtler,  S.  P. 

Sadtler,  S.  S. 

Salom,  P.  G. 

Schamberg,  M. 

Smith.  E.  F. 

Smith,  E.  W. 

Snook, H.  C. 

Stevens,  J.  F. 

Taggart,  W.  T. 

Thwing,  C.  B. 

Weeks,  C.  A. 

Weisenburg.  Andrew 

Weitlaner,  R.  J. 

Wirt,  Chas. 
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Pittsburgh — 

Bacon,  R.  F. 
Bennett,  B.  F. 
Brown,  John  T.,  Jr. 
Connell,  W.  H. 
Coyle,  J.  A. 
Crabtree,  F. 
Davis,  S.  A. 
Dewey,  B. 
Donkin,  Wm.  A. 
Dougherty,  J.  W. 
Flannery,  Jas.  J. 
Gibson,  C.  B. 
Goodale,  S.  L. 
Hartley,  R.  H. 
Hitchcock,  H.  K. 
James,  J.  H. 
Kemery,  P. 
Kier,  S.  M. 
Laughlin,  H.  H. 
Lawrence,  J.  N. 
Lincoln,  P.  M. 
McDonald,  R.  A. 
McKinley,  Jos. 
Murphy,  D.  H. 
Orr,  R.  S. 
Osborne,  L.  A. 
Page,  G.  S. 
Pinkerton,  A. 
Pope,  Chas.  E. 
Ramsey,  F.  H. 
Ray,  H.  C. 
Rodman,  H. 
Sargent,  G.  W. 
Schluederberg,  C.  G. 
Slocum,  F.  L. 
Snelling,  W.  O. 
Speller,  F.  N. 
Stewart.  R.  T. 
Storey,  O.  W. 
Stupakoff,  S.  H. 
Tiemann,  H.  P. 
TThlenhaut,  F.,  Jr. 
Vogt,  C.  C. 
Webb,  Z. 
Wiley,  B. 
Primos — 

Boericke,  G. 
Stein,  W.  M. 
Ralston — 

Dalburg,  F.  A. 
Reading- — 

Parker,  Jas.  H. 
Roaring  Springs — 

McDonald,  F. 
Seranton — 

Bryden,  C.  L. 
Sewickley — 

Wadsworth,  F.  L. 
Sharon — 

Kranz,  W.  G. 
South   Bethlehem — 
Buck,  C.  A. 
Callen,  A.  S. 
Fischer,  Siegfried 
Franklin,  W.  S. 
Lomax,  C.  S. 
MacNutt,  B. 
Richards,  J.  W. 
Roush,  G.  A. 
Seyfert,  S.  S. 
State   College — 

Dudley,  Boyd,  Jr. 
Pond,  G.  G. 
Turnock,  L.  C. 


Steelton — 

Carney,  F.  D. 

Koch,  S.  B. 

Reed,  J.  C. 
Swarthmore — 

Alleman,  G. 
Tyrone — 

Fernau,  H.  C. 
West  Pittsburgh — 

Buch,  N.  W. 
\\  ilkinsburg — 

Skinner,  Chas.  E. 
York — 

Schleeder,  L.  B. 

RHODE  ISLAND 

Greene — 

Perry,  C.  M. 
Newport — 

Richards,  E. 
Providence— 

Catlin,  C.  A. 
Saunders,  W.  M. 

SOUTH    CAROLINA 

Columbia — 

Mills,  J.  E. 
Sumter — 

Deventer,  Van,  H.  R. 

TENNESSEE 

Clarksville — 

Foust,  T.  B. 
Maryville — 

Glasscock,  B.  L. 
Parks,  R.  E. 

Memphis — 

Holtzendorff,  P.  W. 
Nashville— 

Washburn,  F.  S. 

TEXAS 

Austin — 

Harper,  H.  W. 

Schoch,  E.  P. 
El    Paso — 

Bradley,  D.  H.,  Jr. 
Port  Arthur — 

Slater,  W.  A. 

UTAH 

Bingham — 

Barnes,  W.  A. 

Deshler,  Geo.  O. 
l'rovo  City — 

Smith,  F.  W. 
Salt  Lake  City- 
Bradford,  R.  H. 

Emery,  W.  L. 

Jennings,  E.  P. 

Letcheld,  F.  T. 

Lyon,  D.  A. 

Merrill,  J.  F. 

VERMONT 

Northfield — 

Howard,  S.  F. 
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VIRGINIA 

Charlottesville — 

Weaver,  W.  D. 
Holcomb's  Rock — 

Lee,  H.  R. 
Norfolk— 

Webb,  L.  W. 
Richmond — 

Walters,   Jos. 
Roanoke — 

Engle,  H.  M. 
University — 

Dunnington,  F.  P. 

WASHINGTON 

Metaline  Falls — 

Wenner,  R.  S. 
Seattle — 

Crim,  L.  P. 

Thomas,  B. 
Spokane — 

Armstrong,  L.  K. 
Taeoma — 

Everette,  W.  E. 

WEST    VIRGINIA 

Clarksburg — 

Chorpening,  G.  B. 
Glen   Ferris — 
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A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
I,  1914,  President  F.  A.  Lidbury  in. the 
Chair. 


THE  SOURCES  OF  IMPURITIES  IN  CATHODE  COPPER. 

By    Lawrence    Addicks. 

The  grossly  disproportionate  effect  of  mere  traces  of  certain 
impurities  on  the  physical  properties  of  pure  metals  is  most 
striking.  The  older  methods  of  refining  in  metallurgy  were 
generally  based  upon  some  chemical  reaction  carried  on  while 
the  impure  metal  was  in  the  fluid  state,  with  the  result  that  as 
the  amount  of  impurities  became  small,  the  speed  of  reaction 
diminished  to  such  an  extent  that  the  operation  could  commer- 
cially yield  but  a  moderately  pure  metal.  For  this  reason  the 
products  of  certain  mineral  districts  where  the  raw  material 
happened  to  be  unusually  pure,  obtained  a  special  reputation.  This 
was  notably  so  in  the  case  of  copper  where  the  relatively  pure 
native  copper  ores  of  Michigan  yielded  a  superior  product  for 
many  years,  so  that  Lake  copper  commanded  a  premium  in  the 
market  long  after  the  reason  for  it  had  disappeared. 

Electrolysis  has  practically  displaced  other  methods  for  refining 
copper,  silver  and  gold,  and  has  found  special  fields  in  the  metal- 
lurgy of  nickel  and  lead,  with  iron  yet  to  follow.  The  reason  is 
found  in  the  great  purity  of  the  product.  The  older  methods 
endeavored  to  take  the  impurity  out  of  the  metal ;  electrolysis 
takes  the  metal  out  of  the  impurity  and  secures  mass  action  as 
an  ally  instead  of  as  an  enemy.  In  addition,  elements  which 
before  were  but  troublesome  impurities,  have  been  changed  to 
valuable  by-products. 

The  electrolytic  refining  of  metals  in  general  and  of  copper  in 
particular,  consists  of  taking  as  an  anode,  material  which  has 
been  already  subjected  to  a  brief  fire  refining  and  leaving  the 
remaining  impurities  partly  in  the  electrolyte  and  partly  as  in- 
soluble slimes,  giving  a  triple  separation  of  the  elements  con- 
tained in  the  anode.  As  electrolysis  is  justified  by  the  purity  of 
the  cathode,  a  careful  study  of  the  sources  of  contamination  of 
this  product  during  electrolysis,  slight  as  this  is,  is  of  great 
importance  to  the  refiner. 
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Several  years  ago,  I  collected  a  large  quantity  of  data  in  the 
endeavor  to  ascertain  what  role  electrolyte  included  within  the 
pores  of  the  cathode  body  played  in  contamination,  and  through 
the  courtesy  of  those  in  charge,  many  figures  from  the  Raritan, 
A.  S.  &  R.,  Balbach,  Great  Falls  and  Buffalo  refineries  were  added 
to  those  available  at  the  Chrome  plant  with  which  I  was  especially 
concerned.  The  study  proved  to  be  too  complex  to  yield  con- 
clusive results,  but  a  number  of  relations  were  established,  which 
may  be  of  interest  to  others. 

Impurities  in  refined  copper  may  (a)  cause  a  low  electrical 
conductivity;  (b)  result  in  brittleness  or  weakness;  or  (c)  be  a 
source  of  loss  of  by-products  of  value.  The  first  class  is  repre- 
sented by  phosphorus,  aluminium,  silicon,  arsenic  and  antimony ; 
the  second  by  bismuth,  lead,  tellurium  and  selenium ;  and  the  last 
by  silver,  gold,  platinum  and  palladium.  It  is  further  interesting 
to  note,  that  class  (a)  forms  with  copper  alloys  of  excellent 
mechanical  properties,  while  class  (b)  is  practically  insoluble  in 
copper,  forming  a  brittle  matrix  around  the  copper  grains  in  the 
cast  bar. 

From  the  refining  point  of  view  impurities  may  be  due  to  (d) 
electrolytic  deposition;  (c)  inclusion  of  electrolyte  in  the  crystal- 
line structure  of  the  cathode;  (/)  mechanical  contamination  from 
anode  slimes  suspended  in  the  electrolyte  and  attaching  them- 
selves to  the  cathode ;  and  (g)  substances  entering  during  melting 
from  furnace,  fuel  and  tools,  and  from  other  outside  sources.  It 
must  be  remembered  that  the  finished  copper  is  guaranteed  to  run 
at  least  99.88  percent  Cu,  that  it  commonly  does  run  99.93  percent 
in  the  melted  bar  and  that  it  is  very  unusual  to  find  0.01  percent 
of  any  one  impurity  except  oxygen,  probably  as  cuprous  oxide 
in  solid  solution,  or  possibly  some  other  dissolved  gas,  such  as 
argon  or  carbon  monoxide.  The  copper  content  specification  is 
intended  to  control  this  gas  content,  which  is  innocuous  within 
these  limits,  while  a  conductivity  guarantee  imposes  a  very  strict 
limit  upon  the  impurities  of  class  (a).  Class  (b)  is  ignored  in 
specifications  because  these  elements  are  but  very  rarely  present 
in  undesirable  quantities  and  those  who  have  studied  the  question 
longest  do  not  feel  confident  to  prescribe  any  definite  limits,  on 
account  of  the  compensating  action  of  different  impurities  upon 
one  another.     Class  (c)  does  no  harm  in  quantities  a  refiner  can 


SOURCES  OF  IMPURITIES  IN  CATHODE  COPPER. 


53 


possibly  afford  to  let  go  out,  as  but  very  small  amounts  of  these 
elements  need  be  present  to  pay  for  a  re-refining. 

We   may   prepare   a   table   of    the    possible    sources    for    each 
impurity  commonly  found  in  refined  copper  about  as  follows : 

Tabus  I. 


Impurity 

Slimes 

Included 

Deposited 

Outside  Sources 

Arsenic 

Yes 

Yes 

Possibly 

No. 

Antimony 

Yes 

Slight 

Possibly 

Yes 

Iron 

Slight 

Yes 

No. 

Yes 

Zinc 

No 

Yes 

No. 

No. 

Nickel 

Yes 

Yes 

No. 

No. 

Lead 

Yes 

No 

No. 

Yes 

Selenium 

Yes 

No 

No. 

No. 

Sulphur 

Yes 

Yes 

No. 

Yes 

Tellurium 

Yes 

Yes 

No 

No. 

No. 

Silver 

No 

No. 

No. 

Gold 

Yes 

No 

No. 

No. 

In  examining  this  table  wherever  we  have  three  "noes"  and 
one  "yes"  we  have  a  direct  measure  of  the  contamination  from 
the  source  marked  "yes."  Silver,  gold,  selenium  and  tellurium 
give  direct  results  for  slimes  contamination  in  this  way.  Applying 
the  factor  thus  found  for  slimes,  we  should  be  able  to  eliminate 
that  column  and  examine  the  other  three  separately.  Zinc  should 
give  a  measure  of  inclusion  in  the  same  way,  narrowing  the 
columns  to  two.  By  exclusion  we  should  be  able  to  make  a  com- 
plete separation.  Actually  we  find  much  conflicting  evidence. 
This  is  doubtless  due  largely  to  the  fact  that  the  data  on  the 
copper  are  obtained  after  melting  and  the  slagging  and  volatiliza- 
tion in  the  refining  furnace  is  sufficient  to  upset  the  ratios  with 
which  we  are  dealing. 

The  classification  shown  in  the  table  is  based  first  on  the  known 
analysis  of  anode  slimes.  It  is  evident  that  any  element  present 
in  the  slimes  must  be  entered  as  "yes"  under  that  column.  In 
the  same  way  any  element  dissolved  in  the  electrolyte  must  be 
entered  as  "yes"  under  "included."  "Deposited"  is  open  to  some 
question.  Obviously  an  element'  not  dissolved  in  the  electrolyte 
can  not  be  deposited.     Of  course,  if  conditions  become  so  abnor- 
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mal  that  silver  sulphate  or  selenious  acid  is  present  in  the  electro- 
lyte the  corresponding  entries  will  have  to  be  changed.  In  the 
same  way  if  the  circulation  of  the  electrolyte  is  defective,  we 
may  have  voltages  acting  which  will  undoubtedly  deposit  arsenic 
and  other  impurities.  The  only  danger  is  that,  when  considering 
average  figures  from  large-scale  operation,  we  may  include  suffi- 
cient abnormal  conditions  to  vitiate  the  result. 

In  addition  to  the  "outside"  influence  of  ratios  disturbed  by 
melting,  we  have  several  definite  interferences.  The  tanks  are 
lined  with  antimonial  lead  and  as  this  sulphates  and  to  a  certain 
extent  flakes  off,  we  have  artificial  slimes  introduced.  Then  the 
iron  of  the  rabbles  and  blow  pipes  used  in  the  refining  furnace 
enters  the  bath  to  a  considerable  extent.  The  products  of  com- 
bustion and  ash  from  the  coke  and  charcoal  with  which  the  bath 
is  covered  introduce  sulphur.  The  fouling  with  lead  and  anti- 
mony is  very  small,  but  iron  and  sulphur  are  large  items. 


Table  II. 


Current 

Current 

Percent  Ag 

Density 

Density    . 

in  Anodes 

Percent  Au  in  Anodes 

Amperes 

Amperes 

Lost  in 

Lost  in  Cathodes 

Per  Sq.  Ft. 

Per  Sq.  M 

Cathodes 

A 

12 

129 

(I.OO) 

—    Very  low  Ag  in  anodes 

B 

16 

172 

O.52 

0.56 

C 

16 

172 

O.71 

0.68 

D 

20 

215 

O.4O 

1.60   Rough  figures 

E 

20 

215 

O.77 

(0.26)  Low  Au  method 

F 

35 

377 

2.25 

(1.60)  Probably  low  Au 

method 

Examining  the  case  as  it  stands,  however,  we  may  start  with 
silver  and  gold.  Here  abundant  information  is  available,  as  the 
metal  losses  are  always  very  closely  watched.  A  very  puzzling 
case  developed,  in  that  at  two  refineries  the  proportionate  silver 
losses  ran  about  twice  the  gold.  A  careful  investigation  brought 
out  the  fact  that  at  one  of  them  and  probably  at  the  other,  the 
assay  method  used  gave  low  results  for  gold  on  account  of  the 
very  small  quantity  present  and  correcting  this  would  doubtless 
bring  the  gold  up  to  the  silver  figures.  As  the  silver  and  gold 
in  the  anodes  all  go  into  the  slimes,  the  cathode  losses  should  be 
directly  proportional  to  the  anode  contents,  assuming  an  equal 
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amount  of  float  slimes  in  the  different  refineries.  With  high  cur- 
rent densities  there  is  more  disturbance  in  the  tank,  due  partly 
to  increased  circulation,  than  when  low  density  is  used.  We 
should  therefore  expect  increased  percentage  losses  at  plants 
where  high  current  densities  are  obtained. 
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An  inspection  of  Fig.  i  shows  that  current  density  has  directly 
or  indirectly  a  marked  effect  on  the  amount  of  slimes  reaching 
the  cathodes.  Also  that  for  densities  between  15  and  20  amperes 
per  sq.  ft.  (172-215  amp,  per  sq.  m.),  comprising  most  of  the 
plants  (the  data  in  this  paper  are  all  from  multiple-system  plants; 
series  plants  are  complicated  by  fouling  of  cathodes  from  ad- 
hering anode  scrap)  some  0.7  percent  of  the  silver  and  gold  in 
the  anodes  adheres  as  slime  to  the  cathodes,  or  in  other  words, 
the  efficiency  of  refining  is  about  99.3  percent.    As  the  silver  and 
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0.000154 
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Ag 

33-82 

O.OO52O 

0.00520 
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IOO 

Te 

2.74 

O.O0O23 

O.OOO42 
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IOO 

As 

2.77 

O.OOIO5 

O.OOO43 

0.00062 

41 

Sb 

'        540 

O.OO255 

O.OO083 

0.00172 

•32 

Fe 

O.I9 

O.OO33O 

0.00003 

0.00327 

I 

Ni 

498 

O.OO52O 

O.OOO77 

0.00443 

15 

Pb 

1.86 

O.OOO70 

0.00029 

0.00041 

41 
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gold  in  the  anodes  all  goes  into  the  slimes,  this  is  the  same  thing 
as  saying  an  equivalent  amount  of  the  anode  slimes  is  carried 
over  to  the  cathodes  and  knowing  the  analysis  of  the  slimes,  we 
should  be  able  to  figure  the  degree  of  fouling  from  this  source. 
It  will  be  of  interest  to  test  an  actual  case  as  in  Table  III. 

The  case  taken  is  one  where  the  fouling  as  shown  by  the  silver 
is  twice  normal,  which,  however,  is  of  no  harm  as  an  example. 
Figures  happen  to  be  available  for  this  period  (which  covers 
many  million  pounds  of  cathodes)  for  raw  slimes,  that  is  slimes 
that  have  simply  been  boiled  free  of  soluble  sulphates  before 
sampling,  whereas  slimes  are  nearly  always  roasted  and  boiled 
in  dilute  sulphuric  acid  until  practically  copper-free  before  sam- 
ples are  taken  and  this  operation  somewhat  disturbs  the  balance 
of  impurities.  The  figures  show  clearly  that  except  in  the  case 
of  the  insoluble  group  of  elements  before  mentioned  the  slimes 
are  not  the  only  source  of  fouling.  Except  for  iron  and  sulphur, 
the  melting  operation  may  slightly  reduce  impurities,  but  cannot 
increase  them,  so  our  argument  is  on  the  safe  side. 

The  position  can  be  attacked,  however,  on  the  ground  that  silver 
and  gold  are  heavy  and  sink  readily  to  the  bottom  of  the  tank, 
while  the  lighter  oxidized  impurities  chiefly  make  up  the  float 
slimes.  Emrich,  in  his  paper  on  the  Refining  of  Blister  Copper, 
presented  before  the  American  Institute  of  Alining  Engineers,  in 
1904,  argues  backwards  from  the  cathode  analysis  to  prove  this 
point  and  concludes  that  practically  all  the  fouling  comes  from 
float  slimes.  I  think  that  some  of  the  data  submitted  later  shows 
that  his  position  is  not  sound.  It  is  true  that  material  collected 
at  some  distance  away  in  launders,  etc.,  runs  disproportionately 
low  in  gold  and  silver,  but  this  is  truly  floating  material,  whereas 
the  cathode  fouling  takes  place  but  an  inch  from  the  anode  and 
the  bottom  of  a  cathode  is  known  to  be  more  foul  than  the  top. 
It  may  also  be  well  to  point  out  here  that  satisfactory  samples 
cannot  be  obtained  by  drilling  cathodes.  In  the  first  place  indi- 
vidual cathodes  are  irregular  in  purity,  but  more  important  is  the 
fact  that  such  samples  always  show  too  low  results  for  impurity. 
This  is  due  to  the  fact  that  adhering  slimes  are  usually  the  nuclei 
of  nodules  forming  rough  deposits  and  it  is  necessarv  to  take  a 
relativelv  smooth  part  of  the  cathode  in  order  to  drill  a  hole. 
Xodules  broken  off  and  melted  will  often   show  ten  times  the 
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impurities  contained  by  a  drilled  sample  of  the  body  of  the 
cathode.  For  these  reasons  it  is  necessary  to  fall  back  on  melted 
samples  or  fire-refined  cathodes  in  spite  of  the  accompanying  dis- 
advantages, when  undertaking  work  of  this  character. 

The  next   element   on   which   abundant   data   are   available   is- 
arsenic,  the  ancient,  but  long  since  subdued,  enemy  of  copper 
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refining.  It  was  early  found  that  the  presence  of  arsenic  in  an 
electrolyte  was  detrimental  to  the  conductivity  of  the  cathodes. 
Table  IV  gives  the  average  monthly  value  of  arsenic  in  the 
electrolyte  and  the  conductivity  of  the  wire  bars  of  one  of  the 
refineries  for  a  year. 

Table  IV. 


Month 

As  in  Electrolyte 

Conductivity  of 
Wirebars 

January 

0.83 

99-47 

February 

0-95 

99-34 

March 

O.99 

99-54 

April 

I.06 

99-50 

May 

O.9I 

99-59 

June 

O.76 

99.48 

July 

O.67 

99-99 

August 

O.56 

100.05 

September 

O.64 

99-84 

October 

O.78 

99.90 

November 

0-55 

100.12 

December 

O.42 

100.60 

These  figures  are  plotted  in  Fig.  2,  which  clearly  shows  their 
correspondence. 
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The  same  relation  can  be  established  by  direct  comparison  of 
arsenic  in  electrolyte  and  in  wire  bars.  In  Table  V,  figures  over 
a  long  range  of  time  and  for  several  plants  have  been  grouped, 
in  some  cases  by  periods  and  in  some  by  classes. 

Table  V. 


Plant 

Representing 

Percent  as  in 
Electrolyte 

Percent  as  in 
Wirebars 

A 

I909 

O.728 

O.002O 

A 

igiO 

O.789 

O.OOI6 

A 

I9II 

O.506 

O.OOl8 

A 

1912 

0.219 

O.0OI9 

A 

1913 

O.I94 

0.0015 

B 

21  Months 

I.04 

O.OO16 

C 

1  Lot 

O.25 

O.OO16 

C 

5  Lots 

I.64 

O.OO25 

C 

4  Lots 

2-37 

O.OO33 

C 

3  Lots 

3-55 

0.0041 

D 

25  Months 

1-34 

O.OO18 

These  figures  plotted  in  Fig.  3  indicate  an  arsenic  content  in 
the  wire  bars  of  0.0013  percent  when  there  is  no  arsenic  in  the 
electrolyte,  which  should  be  a  measure  of  the  fouling  due  to 
slimes.     Anything  above  0.0013  percent  would  be  due  to  either 
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inclusion  of  electrolyte  or  electrolytic  deposition  of  arsenic.  In- 
cluded electrolyte  should  vary  directly  with  the  composition  of 
the  solution,  other  things  being  equal.    On  the  other  hand  electro- 
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deposited  arsenic  should  increase  with  the  voltage.  Now  plant 
C  runs  at  very  high  current  density  and  therefore  at  corres- 
pondingly high  voltage,  but  no  corresponding  increase  in  arsenic 
in  the  wire  bars  can  be  noticed. 

The  figures,  therefore,  might  seem  to  indicate  inclusion  as  the 
chief  source  of  fouling  above  the  slimes  minimum.  These  Great 
Falls  figures  (plant  C),  by  the  way,  have  since  been  summarized 
in  a  paper  by  Mr.  W.  T.  Burns,  Superintendent  of  that  refinery, 
presented  before  the  American  Institute  of  Mining  Engineers 
last  year. 

We  may  now  turn  to  nickel  for  further  light  on  this  subject. 
Here  we  have  an  element  whose  sulphate  has  a  very  high  de- 
composition voltage  and  it  would  seem  unlikely  that  any  nickel 
at  all,  regardless  of  the  voltage,  could  be  electro-deposited  from 
a  strongly  acid  solution.  Table  VI  gives  results  from  nickel 
from  various  sources. 

Table  VI. 


Plant 

Representing 

Percent  Ni  in 
Electrolyte 

Percent  Ni  in 
Wirebars 

A 

1909 

1-95 

0.0041 

A 

I9IO      ' 

1.60 

0.0055 

A 

191 1 

1.73 

O.O066 

A 

1912 

1.32 

O.OO38 

A 

1913 

1.78 

0.0037 

B 

10  Months 

0-973 

O.OO45 

C 

Rough  figures 

1. 00 

O.OOl6 

D 

1  Lot 

0.594 

O.OOI4 

These  figures  when  plotted  in  Fig.  4  indicate  a  straight  line 
relation,  as  in  the  case  of  arsenic,  but  with  no  nickel  in  the 
cathodes  when  nickel  is  absent  from  the  electrolyte.  In  other 
words  there  is  no  fouling  from  the  slimes.  This  may  easily  be 
so,  as  the  slimes  usually  carry  much  less  nickel  than  shown  in 
Table  III  and  even  there  the  possible  fouling  is  but  15  percent. 
Further,  this  nickel  is  probably  present  as  nickel  oxide  which  is 
slowly  soluble  in  the  electrolyte  and  float  slimes  may  be  largely 
cleansed  of  their  nickel  by  the  electrolyte.  Xne  surprising  thing, 
however,  is  the  large  amount  of  nickel  found  in  the  cathodes. 
While  a  rise  of  1  percent  in  the  content  of  the  electrolyte  shows 
in  Fig.  3  a  corresponding  rise  in  the  wire  bars  of  but  0.0009 
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percent,  in  the  case  of  nickel  it  shows  0.0028  percent,  or  three 
times  as  much.  Em  rich  found  the  same  thing.  He  says:  "The 
large  difference  shown  between  the  calculated  and  the  observed 
values  of  nickel  in  the  cathodes,  is  a  mystery  which  I  have  been 
prevented  from  investigating." 

Either  a  large  quantity  of  arsenic  is  removed  in  the  refining 
furnace,  or  we  must  accept  electrodeposition  of  nickel,  as  the 
included  electrolyte  must  be  rigidly  equivalent  in  the  two  cases. 
Those  who  have  tried  eliminating  traces  of  arsenic  in  a  refining 
furnace,  except  by  the  use  of  lime  and  soda  ash  or  similar  fluxes, 
which  is  done  only  in  special  cases  where  undesirable  quantities 
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of   arsenic   are   present,   will   lean   toward  the   nickel   deposition 
explanation. 

Some  laboratory  experiments  indicated  that  while  no  nickel 
can  be  deposited  from  a  pure  acidulated  solution  of  nickel  sul- 
phate, traces  can  be  found  in  the  cathodes  when  arsenic  is  added 
to  the  electrolyte,  which  suggests  some  ion  based  on  the  known 
affinity  of  nickel  for  arsenic.  Also  in  an  electrolytic  separation 
of  copper  and  nickel  by  the  Hybinette  process  where  the  elec- 
trolyte was  very  high  in  nickel  sulphate,  copper  containing  as 
much  as  o.i  percent  nickel  has  been  produced.  While  these  con- 
ditions are  far  from  those  obtaining  in  a  copper  refinery,  the 
results  greatly  strengthen  the  deposition  argument. 
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Finally  we  can  examine  the  inclusion  argument  on  the  basis  of 
the  specific  gravity  of  cathode  copper.  If  from  Fig.  3  a  cathode 
runs  0.0022  percent,  minus  0.0013  percent  (due  to  slime)  equals 
0.0009  percent  arsenic  due  to  inclusion  of  electrolyte  running 
1.0  percent  arsenic,  the  cathode  would  contain  0.0009  times  100 
or  0.09  percent  of  electrolyte  of  a  specific  gravity  of  let  us  say 
1. 1 5.  As  copper  has  a  specific  gravity  in  the  neighborhood  of  8.9, 
the  amount  present  by  volume  would  be  0.09  times  8.9  divided  by 
1. 1 5,  or  0.7  percent,  which  is  a  measure  of  the  porosity  of  the 
cathode.  The  specific  gravity  of  the  copper  would  be  corres- 
pondingly diminished,  but  the  amount  would  be  so  slight  that  the 
known  facts  do  not  contradict  it.  Cathode  copper  actually  shows 
a  specific  gravity  of  about  8.9  similar  to  worked  cast  copper, 
but  on  the  other  hand  we  know  that  cathode  copper  is  very 
hard — experimental  work  on  direct  production  of  electrolytic  wire 
has  given  considerable  trouble  from  wear  on  the  dies — and  we 
should  therefore  expect  to  find  it  denser  than  any  other  copper 
if  it  were  absolutely  non-porous. 

We  therefore  arrive  at  about  where  we  started,  believing  that 
slimes,  included  electrolyte  and  direct  deposition  all  have  a  hand 
in  the  fouling  of  cathodes,  but  without  being  able  to  assign 
definite  values  to  each.  The  relation  between  arsenic  and  nickel 
in  electrolyte  and  in  wire  bars  does  seem  to  be  reasonably  estab- 
lished and  this  is  of  some  practical  value. 

I  wish  to  acknowledge  my  indebtedness  to  Messrs.  H.  H.  Alex- 
ander, F.  L.  Antisell.  W.  T.  Burns,  R.  W.  Deacon,  Geo.  L.  Heath, 
W.  L.  Spalding  and  C.  S.  Witherell  for  furnishing  a  large  share 
of  the  mass  of  data  on  which  the  original  study  was  based. 


DISCUSSION. 

W.  D.  Bancroft  (Communicated):  The  fact  that  nickel  is 
deposited  with  the  copper  to  an  extent  increasing  with  the  con- 
centration is  probably  due  to  the  fact  that  copper  and  nickel  form 
a  continuous  series  of  solid  solutions.  Ashbrook1  found  that 
nickel  was  precipitated  with  copper  in  rapid  electrolytic  analysis. 

'Jour.  Am.  Chem.  Soc,  26,  1287  (1904). 
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W.  R.  Whitney:  Papers  such  as  Mr.  Addicks'  are  exceed- 
ingly important  to  members  of  the  Society.  They  point  to  the 
practicability  of  further  improvements  in  the  quality  of  copper. 
It  is  worth  while  using  the  best  obtainable.  In  most  electrical 
apparatus  copper  of  98  percent  conductivity,  Mathiessen  stan- 
dard, is  being  accepted.  The  metal  has  been  refined  to  a  value 
of  1 01. 8  conductivity.  As  the  dimensions  and  cost  of  electrical 
apparatus  depend  on  the  conductivity  of  the  copper  there  ought 
to  be  a  demand  for  the  highest  grade. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
2,  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


ON  THE  FORMATION  OF  A  BADLY  CONDUCTING  FILM  ON 
COPPER  ANODES  IN  COPPER  CYANIDE  SOLUTIONS. 

By  W.  L,ash  Miller. 

While  preparing  some  experiments  for  the  laboratory  of  the 
Toronto  Branch  of  the  American  Electroplaters'  Society,  a  cur- 
rent of  about  one  ampere  was  sent  through  a  copper  cyanide 
bath  (No.  3,  below)  using  strips  of  copper  9  cm.  x  3  cm.  as 
electrodes,  the  no  volt  D.  C.  lighting  circuit  as  source  of  current, 
and  a  32  c.  p.  carbon  filament  lamp  as  resistance  in  the  circuit. 
The  lamp,  bright  at  first,  within  a  minute's  time  burned  dim,  the 
evolution  of  hydrogen  at  the  cathode  fell  off,  and  a  voltmeter 
set  over  the  cell  showed  a  potential  difference  of  45  volts.  On 
examination,  the  anode  was  found  to  be  coated  with  a  smooth 
yellow-green  adherent  deposit ;  and  a  few  simple  trials  soon 
showed  that  the  resistance  of  this  film  was  the  cause  of  the 
drop  in  current. 

The  formation  of  such  a  deposit  evidently  sets  an  upper  limit 
to  the  current  density  at  the  anode  that  can  be  used  efficiently 
with  any  given  bath ;  a  number  of  solutions  recommended  in  the 
literature,  which  had  been  made  up  for  another  purpose,  were 
tested  from  this  point  of  view. 

It  was  soon  found,  as  expected,  that  the  current  density  at 
which  a  noticeable  film  is  formed  depends  on  the  shape  and 
position  of  the  anode  and  on  the  amount  of  circulation  in  the 
electrolyte;  the  simple  apparatus  shown  in  Fig.  1  was  then  con- 
structed, and  the  various  electrolytes  were  compared  under  the 
conditions  obtaining  in  it. 

In  the  figure,  A  is  the  anode,  a  cylinder  of  copper  rod  2  cm. 
in  diameter,  C  is  the  cathode,  a  hollow  cylinder  of  sheet  copper 
2  mm.  thick,  4  cm.  internal  diameter,  slit  down  one  side  so  that 
the  height  of  the  liquid  could  be  read  on  a  paper  scale  5  pasted 
on  the  outside  of  the  glass  container  G.    Anode  and  cathode  were 
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held  in  position  by  means  of  two  corks,  of  which  the  lower,  L, 
was  provided  with  a  socket  to  catch  the  end  of  the  anode  and 
with  notches  around  its  edge  to  let  the  solution  flow  out  evenly 
when  the  tap  was  opened.  The  zero  mark  of  the  scale  was  level 
with  the  upper  side  of  the  lower  cork,  its  graduations  ran  from 
i  to  io,  and  gave  the  area  of  submerged  anode  in  tenths  of  a 
square  decimeter;  division  io  was  2  or  3  centimeters  below  the 
upper  cork,  U. 

To  ensure  that  the  liquid  would  run  out  of  the  cell 
at  the  same  rate  in  different  experiments,  a  glass 
nozzle  was  attached  by  rubber  below  the  tap,  and  the 
latter  was  always  either  closed  or  wide  open ;  with  the 
nozzle  used  it  took  the  solutions  60  seconds  to  fall 
from  division  10  to  division  1  on  the  scale,  the  volume 
comprised  between  these  two  marks  being  197  cc. 

Before  each  measurement,  anode  and  cathode  were 
cleaned  by  nitric  acid,  washed  under  the  tap,  and 
placed  in  the  container ;  250  cc.  of  an  electrolyte  was 
poured  in  through  the  funnel,  the  tap  was  opened,  and 
as  the  surface  passed  division  10,  the  current  (about 
one  ampere)  was  switched  on  and  its  amount  re- 
corded. As  the  level  fell,  a  voltmeter1  wired  across 
the  cell  was  read;  at  first  the  voltage  was  low,  then 
suddenly  began  to  rise,  often  with  a  well  marked  "jump,"  where- 
upon the  circuit  was  broken,  the  tap  closed,  and  the  level  recorded ; 
hence  the  current  density  when  the  sudden  rise  in  voltage  began 
was  calculated.  If  the  tap  were  left  open,  and  the  current  on,  the 
voltage  rose  rapidly  until  the  needle  reached  the  end  of  the  scale. 
Each  measurement  was  made  in  duplicate,  and  when  it  ap- 
peared that  the  initial  current  was  too  high,  the  work  was  repeated 
using  half  an  ampere;  with  baths  5,  II  and  13  a  still  smaller 
current  would  have  been  better. 

The  amount  of  "jump"  and  the  rapidity  of  the  rise  in  voltage 
varied  from  case  to  case ;  in  every  case  examination  of  the 
anode  showed  that  a  precipitate  had  been  formed  there,  but  the 
color  of  the  deposit  varied  from  yellow  to  green  and  brown, 
and  its  appearance  from  smooth  and  coherent  to  streaky,  depend- 
ing on  the  composition  of  the  electrolyte. 

1  Reading  from  o  to  3  volts,  graduated  to  one  fiftieth  volt. 
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The  following  table  gives  the  compositions  of  the  solutions 
employed ;  the  last  three  columns  give  the  number  of  grams  of 
"free  cyanide"  per  litre  determined  as  recommended  by  Lang- 
bein,  with  volumetric  silver  nitrate  and  sodium  chloride  as  indi- 
cated— the  current  density  in  amperes  per  square  decimeter  at 
the  anode  when  the  voltage  jumps  occurred,  and  the  result  ot 
the  "copper  titration"  described  below. 


Compositior 

of  Bath 

ree 
anide 

rrent 

nsity 

6 

1 

u   "0 

v 

u 
u 

u 

u 

x.  6 

H 

V    0 

K,  a 

c 

u     0 

a  5 

OS 

pa 

0 

a  3 

B 
a 

a  rj 

E   s 

a  U 
E  M 

da 

UH 

CJ 

u 

u 

o         a 

o 

C 

r 

Sulphate 

12-5 

12.5 

o 

0 

55 

80.0 

30 

33-0 

9 

Sulphate 

4-6 

53-5 

0 

S*    72 

0 

36.0 

i-75 

22.6 

8 

Carhonate 

27 

IOO 

25 

30 

0 

43-5 

133 

I8.0 

15 

.1 

23 

14 

8.0 

i-3 
1  25 

l6.2 

Acetate 

53-3 

44 

S*  53 

0 

10.5 

133 

7 

Carhonate 

20 

75 

15 

15 

0 

28.0 

125 

13.0 

4 

Carhonate 

14 

53-5 

o 

0 

0 

15-5 

1.1 

77 

14 

6 

9 

9-5 

13.8 

1.0 

6.8 

Sulphate 

38 

0 

0 

26 

16.0 

1.0 

4-3 

2 

Sulphate 

6-5 

21.4 

18 

S*  48 

0 

6-3 

1.0 

4.0 

L3 
II 

45 
5-i 

6.0 

0.5 

0.5 

2.2 

Acetate 

20 

0 

0 

10 

6.0 

2.1 

5 

Acetate 

6.3 

19.6 

24 

40 

8 

^3-7 

0.55 

0.9 

Notes: 

S*   denotes   crystallized   sodium   carbonate. 

In  bath  2  the  bluestone  was  precipitated  by  the  carbonate  and  the  resulting  sodium 
sulphate  washed  out. 

Bath   9   contained   36   grams   crystallized   sodium   sulnhate   per   litre. 

Bath    11    contained    12   grams   crvstallized   sodium   thiosul^hate   per   litre. 

Baths  13,  14,  15  were  supplied  by  members  of  the  Electroplaters'  Society;  the 
others   were  made  up  from  receipts  found   as  follows: 

1.  Watt  and  Philipp,  Electroplating  and  Refining  of  Metals,  D.  Van  Nostrand  Co., 
New    York    (1902),    p.    15  s. 

2.  Langbein,    Electrodeposition   of   Metals     5th   ed.,   Philadelphia.    1905,   p.    323. 

3.  Langbein,   1.   c.   322. 

4.  Bennett,    Trans.    Am.    Electrochem.    Soc,    23,    237    (1913). 

5.  Langbein.   1.   c.   303;   Bennett,   1.   c.   241. 

6.  Bennett,  1.  c.  239. 

7.  Bennett,  1.   c.    240. 

8.  Bennett,   I.  c.   240. 

9.  Bennett,   I.   c.   241. 
11.     Bennett,   1.   c.    242. 

Inspection  shows  that  the  numbers  under  "current  density"  and 
those  under  "free  cyanide"  do  not  run  parallel ;  the  current  density 
at  which  a  film  is  formed  cannot  be  predicted  from  a  knowledge 
of  the  solubility  of  silver  chloride  in  the  solution.  It  seemed 
probable,  however,  that  in  every  case  the  formation  of  a  precipi- 
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tate  was  due  to  the  same  cause.  At  each  square  centimeter  of 
the  anode  surface  copper  salt  is  entering  the  solution  at  a  rate 
proportional  to  the  current  density,  and  is  being  carried  away 
into  the  bulk  of  the  liquid  by  diffusion  and  convection;  the  con- 
centration of  copper  in  the  solution  at  the  anode  surface  will 
therefore  be  greater  than  in  the  body  of  the  electrolyte,  and  the 
difference  will  increase  with  increase  in  the  current  density. 
Now,  in  all  the  solutions  employed,  a  sufficient  increase  in  the 
copper  concentration  causes  a  precipitate ;  it  therefore  seemed 
probable  that  solutions  in  which  a  small  amount  of  additional 
copper  salt  produced  a  precipitate  would  give  the  voltage  jump 
with  a  low  current  density,  and  vice  versa. 

To  test  this  conclusion,  a  solution  was  made  up  containing 
8.00  g.  crystallized  copper  chloride  per  liter,  which  was  added 
from  a  burette  to  five  cubic  centimeters  of  each  of  the  solutions 
of  the  table,  until  a  precipitate  appeared.  In  most  cases  the  latter 
looked  blue  through  the  liquid,  some,  however,  were  white  ur 
yellowish,  and  one  (from  No.  n,  which  contained  thiosulphate) 
was  brown ;  the  "end  point''  of  the  titration  was  not  very  sharp. 
The  number  of  cubic  centimeters  of  copper  solution  used  is 
entered  under  "copper  titration"  in  the  table,  and  comparison  of 
these  numbers  with  those  under  "current  density"  shows  that 
the  two  series  run  together ;  by  means  of  a  graph  it  is  possible 
from  the  burette  reading  to  interpolate  very  closely  the  current 
density  at  the  anode  that  with  any  given  solution  will  cause  the 
voltage  jump.  Not  only  cyanide,  but  ammonia  or  any  other  sub- 
stance that  holds  the  copper  in  solution,  can  thus  be  added  to 
the  bath  to  permit  the  use  of  a  high  anodic  current  density. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
1,  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


THE  REPRODUCIBILITY  OF  THE  COPPER  ELECTRODE 

By  Frederick  H.  Getman. 

During  the  course  of  the  investigations  of  the  electromotive 
force  of  various  concentration  elements  which  have  been  in 
progress  in  this  laboratory  for  several  years  our  attention  has 
frequently  been  directed  to  the  variation  of  the  difference  of 
potential  between  the  common  metals  and  solutions  of  their  salts. 

While  the  phenomenon  appears  to  be  quite  general,  in  no  case 
has  it  been  more  difficult  to  secure  satisfactory  reproducibility 
than  with  copper  electrodes.  In  fact  it  is  not  uncommon  to  find 
two  copper  electrodes  prepared  in  identically  the  same  manner 
differing  by  as  much  as  ten  millivolts.  With  a  view  to  eliminating 
this  source  of  error  in  our  subsequent  studies  of  concentration 
elements,  the  copper  electrode  has  been  made  the  subject  of  a 
special  investigation,  some  of  the  results  of  which  are  here 
recorded.  WThile  the  experimental  work  was  still  in  progress  a 
paper  by  Lewis  and  Lacey1  on  the  potential  of  the  copper  elec- 
trode appeared,  in  which  several  of  our  observations  were  con- 
firmed and  an  interesting  suggestion  as  to  the  cause  of  the  ob- 
served irregularities  was  puf  forward. 

The  copper  electrodes  used  in  this  investigation  were  prepared 
in  the  following  manner : 

Electrodes  I,  II,  III,  and  IV,  electrolytic  copper  wires  3  mm. 
in  diameter;  electrodes  V  and  VI,  platinum  plates  4  mm.  wide 
and  15  mm.  long,  covered  with  a  uniform  and  adherent  electro- 
lytic deposit  of  copper;  electrodes  VII  and  VIII,  electrolytic 
copper  wires  1  mm.  in  diameter;  electrodes  IX  and  X,  fine  plat- 
inum loops  covered  with  a  deposit  of  spongy  copper  obtained  by 
electrolvzing  a  neutral  solution  of  copper  sulphate  at  high  current 
density ;  electrodes  XI  and  XII,  electrolytic  copper  wires  1  mm. 
in  diameter  embedded  in  Kahlbaum's  copper  powder  ("redu- 
ziert"). 

Two  different  types  of  concentration  cell  were  employed.     In 

'Jour.  Am.  Chem.  Soc,  36,  804   (1914). 
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the  first,  a  standard  electrode  of  mercury  and  mercurous  sulphate 

formed  one-half  of  the  element,  the  other  half  consisting  of  the 

copper  electrode  immersed  in  a  solution  of  copper  sulphate  of 

known   concentration.      The    following   cells   of   this   type    were 

used : 

Hg-Hg2S04— o.oim  CuS04— Cu  (i) 

and 

Hg-Hg2S04— o.ooim   CuS04— Cu  (2) 

The  second  type  of  cell  consisted  of  two  different  concentrations 
of  copper  sulphate,  each  half -element  being  furnished  with  one 
pair  of  similarly  prepared  copper  electrodes.  The  following 
combination  was  employed : 

Cu — 0.0 1  m  CuS04 — o.ooim  CuS04 — Cu  (3) 

It  is  apparent  that  the  electromotive  force  of  (3)  should  be 
equal  to  the  difference  of  the  electromotive  forces  of  (1)  and  (2). 

The  copper  sulphate  employed  was  Kahlbaum's  (  "zur  analyse"  ) 
and  was  considered  to  be  sufficiently  pure  to  admit  of  use  without 
re-crystallization.  All  of  the  solutions  were  prepared  by  direct 
weighing,  certified  volumetric  apparatus  being  used.  The 
standard  electrodes  were  prepared  from  pure  mercury  and  from 
mercurous  sulphate  obtained  by  the  method  proposed  by  Hulett'-. 
These  substances  were  triturated  in  a  mortar  with  the  copper 
sulphate  solutions,  decanting  the  clear  liquid,  and  repeating  the 
process  in  exactly  the  same  manner  as  in  the  preparation  of  a 
calomel  electrode.  These  electrodes  were  found  to  be  both  con- 
stant and  reproducible  within  the  limits  of  experimental  error. 

The  Poggendorft"  compensation  method  was  used  in  measuring 
the  electromotive  forces  of  the  different  cells,  an  enclosed  type  of 
capillary  electrometer  serving  as  the  mil  instrument.  All  of  the 
cells  were  placed  in  an  electrically  controlled  thermostat  in  which 
a  temperature  of  25 °  ±  0.1  was  maintained.  In  order  that 
thermal  equilibrium  might  be  established  within  the  cells,  at  least 
thirty  minutes  was  allowed  to  elapse  after  placing  a  cell  in  the 
bath  before  measuring  its  electromotive  force. 

The  special  form  of  cell  which  has  been  in  use  in  this  laboratory 
for  several  years  was  employed  throughout  the  investigation. 
This   cell  has  the  advantage  that   connection  between   the   two 

2  Phys.    Rev.,   32,   257    (1911). 
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halves  need  be  established  only  during  the  time  required  to  make 
a  measurement  of  the  electromotive  force. 

The  subjoined  tables  give  the  results  obtained  with  the  differ- 
ent electrodes  in  the  different  types  of  cells ;  each  value  of  the 
electromotive  force  represents  the  mean  of  at  least  three  inde- 
pendent measurements. 


Electrode 
I 

II 
III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

I 
II 


Table  I. 
Hg-Hg.SO4-o.01m  CuSCVCn 

Electromotive 
Force 


Remarks 


0.3971 
O.397O 
O.3948 
O.3980 
O.4IO7 
O.4IO7 
0.3985 
O.3987 
O.4156 

04155 
O.4223 
O.42I3 
O.4OI5 
0-3934 


Polished  with  emery  cloth. 


Cleaned    by   immersing   in 
cone.  HXOa 


Electrode 
I 

II 
III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 


Table  II. 
Hg-Hg.SO4-o.001m  CuSO«-Cu 


Electromotive 
Force 


O.3088  1 


0.396= 
O.3906 
O.3972 
O.4259 
O.4292 
O.4020 
O.3932 
O.4404 
O.44O4 
O.6107 
O.6095 


j*  Polished  with  emery  cloth. 


Electrodes 
I,    II 

III,   IV 

V,  VI 
IX,  X 


Table  III. 
Cu-o.oim  CuSOi-o.ooim  C11SO4-CU 


Electromotive 
Force 

O.OI43 
O.OI59 
O.O276 
O.O275 
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It  will  be  observed  that  the  variation  in  the  values  of  the  elec- 
tromotive force  in  the  foregoing  tables  is  greater  than  the  ex- 
perimental error,  while  the  comparison  of  the  values  given  in 
Table  III  with  the  differences  between  the  corresponding  values 
given  in  Tables  I  and  II  still  further  emphasizes  the  irregular 
behavior  of  the  copper  electrode.  Those  cells  in  which  spongy 
copper  electrodes  were  used  are  exceptional  however,  the  values 
of  the  electromotive  force  being  constant  and  the  agreement 
between  the  value,  0.0275  volt,  given  in  Table  III,  and  that 
calculated  from  Tables  I  and  II  (0.4404 — 0.4155=0.0249  volt), 
being  quite  satisfactory. 

The  electromotive  force  of  the  cell 

Cu  —  0.01m  CuS04  —  0.001m  CuS04  —  Cu 

corresponds  to  the  free  energy  of  dilution  of  copper  sulphate  from 
0.01m  to  o.ooim.  It  may  be  calculated  by  means  of  Nernst's 
equation, 

2v  RT 


nF 


Iog< 


where  u  and  v  denote  the  mobilities  of  the  cation  and  anion 
respectively,  ax  and  <x2 .  the  degrees  of  ionization  at  the  molar 
concentrations  m1  and  m.2,  11  the  valence  of  the  cation,  F  the 
electrochemical  unit  and  R  and  T  the  molecular  gas  constant  and 
temperature  respectively.  Taking  the  values  of  u  and  v  given  by 
Noyes  and  Falk3,  (wc„  =  53.6  and  ^sol=  80.0),  and  the  values 
of  the  ionization  given  by  Jones4  (  o.x  ■=.  0.579  and  a2  =  0.870) 
we  have 

E.  _       2  V,     80     x   0.0595  [  O.OI    (  O.579 


53.6  +  80.O  2  O.OOI  X  O.87O 

E   =  0.0293  volt. 

This  value  is  nearly  two  millivolts  greater  than  that  given  in 
Table  III,  a  discrepancy  within  the  limits  of  experimental  error. 

To  further  test  the  constancy  and  reproducibility  of  the  spongy 
copper  electrode,  a  second  series  of  experiments  was  carried 
out  with  freshly  prepared  solutions  and  electrodes.     In  order  to 

*  Jour.  Am.   Chem.  Soc,  34,  479   (1912). 

*  Monograph   Carnegie   Institution  of  Washington. 
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ascertain  whether  the  electromotive  force  of  the  cell  changed 
with  time,  readings  were  taken  at  frequent  intervals  during  a 
period  of  several  hours.  The  results  of  this  second  series  of 
measurements  in  which  electrodes  IX  and  X  were  employed  are 
given  in  the  following  tables. 


Time  (Minutes) 
O 
120 
180 
O 
105 
135 


Table  IV. 
Hg-Hg2SO,-o.oim  CuSCVCu 


[ectrode 

Electromotive  Force 

IX 

O.4I4O 

IX 

O.4152 

IX 

O.4I49 

X 

O.4149 

X 

O.4152 

X 

O.4144 

Mean 

O.4I48 

Time  (Minutes) 

0 

30 

T50 

240 

345 

o 

60 


Table  V. 
Hg-Hg2SCVo.ooim  CuSCVCu 


Electrode 

Electromotive  Force 

IX 
IX 
IX 
IX 
IX 

O.4502 

0.4513 
O.452O 

0-4532 
0.4522 

X 
X 

0.4527 
0-4532 

Mean 

O.4521 

Table  VI. 

Cu-o.oim  CuSCVo.ooim  CuSCVCu 


Time  (Minutes) 

O 

50 

135 

O 

60 

L35 
210 
270 
330 

515 


Electrodes  IX  and  X. 


Electromotive  Force 
O.O3OI 
O.O3OI 
O.O3OO 
O.O333 
O.O29O 
O.O308 
O.O275 
O.O30O 
0.0300 
O.O283 


Mean 0.0299 
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The  mean  value  of  the  electromotive  force  given  in  Table  VI 
is  only  0.6  millivolt  greater  than  the  value  calculated  by  means 
of  the  Xernst  equation,  and  it  is  in  fair  agreement  with  the 
difference  between  the  mean  values  given  in  Tables  IV  and  V, 
It  therefore  appears  that  the  spongy  copper  electrode  is  both 
constant  and  reproducible,  and  the  values  obtained  with  it  agree 
closely  with  the  requirements  of  theory.  Lewis  and  Lacey  (/or. 
cit.)  reached  the  same  conclusion  in  their  recent  investigation  of 
the  copper  electrode.  They  also  showed  that  occluded  hydrogen 
plays  no  part  in  the  electrode  process.  If  this  were  the  case, 
a  change  in  the  concentration  of  the  hydrogen  ion  would  cause 
a  corresponding  change  in  the  electrode  potential,  whereas  the 
addition  of  0.001m  sulphuric  acid  to  the  copper  sulphate  solution 
was  found  to  be  without  effect  upon  the  electromotive  force  of 
the  cell. 

As  to  the  cause  of  the  variations  observed  with  the  other  forms 
of  copper  electrode  Lewis  and  Lacey  suggest  that  these  irreg- 
ularities are  to  be  ascribed  to  surface  strains.  When  the  copper 
is  deposited  at  sufficiently  high  current  density  to  cause  it  to 
separate  out  in  spongy  form,  the  metal  appears  to  be  free  from 
the  surface  strains  characteristic  of  closely  adherent  films,  and 
hence  is  both  constant  and  reproducible.  If  this  hypothesis  is 
correct,  it  should  be  possible  to  produce  marked  changes  in  the 
difference  of  potential  between  a  copper  wire  and  a  solution  of 
copper  sulphate  by  subjecting  the  wire  to  such  treatment  as  will 
bring  about  a  condition  of  surface  strain.  In  order  to  test  this 
point  an  electrolytic  copper  wire  3  mm.  in  diameter  was  intro- 
duced into  a  half-cell  containing  0.001m  copper  sulphate,  the 
other  half  of  the  cell  consisting  of  a  standard  mercury-mercurous 
sulphate  electrode.  Before  inserting  in  the  cell,  the  wire  was 
thoroughly  polished  with  clean  emery  cloth  after  which  it  was 
washed  and  dried.  When  the  cell  had  acquired  the  temperature 
of  the  thermostat  the  electromotive  force  was  measured  at  fre- 
quent intervals  for  about  twenty  minutes,  the  mean  of  the  differ- 
ent determinations  being  taken  as  the  correct  value  for  the 
polished  electrode.  The  wire  was  then  removed  and  subjected 
to  vigorous  hammering  on  an  anvil  for  about  five  minutes.  It 
was  then  washed,  and  after  repolishing  with  emery  cloth,  was 
re-inserted  in  the  cell  and  the  electromotive   force   determined- 
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The  wire  was  then  removed  again  and  heated  to  redness  in  the 
Bunsen  flame,  after  which  it  was  suddenly  quenched  in  cold 
water.  The  heating  and  sudden  cooling  was  repeated  twice  and 
then  the  wire  was  cleaned  by  a  momentary  immersion  in  con- 
centrated nitric  acid,  followed  by  thorough  washing  in  distilled 
water.  The  electrode  was  replaced  in  the  cell  and  the  electro- 
motive force  again  measured.  The  results  of  these  experiments 
are  given  in  the  following  table. 

Table  VII. 
Hg-Hg2SCVo.ooim   CuSCVCu 

Preliminary  Treatment   of   Electrode.  Electromotive   Force. 

Polished   with   emery   cloth 0.4330 

Hammered  for  five  minutes   0.4339 

Heated  to  redness  and  quenched 0.4268 

It  is  apparent  that  hammering  has  practically  no  influence 
upon  the  electrode  potential  while  heating  and  subsequent  quench- 
ing produce  a  difference  of  about  six  millivolts.  It  is  certain 
that  these  two  modes  of  treatment  must  develop  surface  strains 
in  the  electrode  and  yet  the  resulting  change  in  electromotive 
force  is  negligible.  Evidently  the  strain  hypothesis  is  inadequate 
to  explain  the  differences  observed  with  the  various  types  of 
copper  electrodes  used  by  us. 

A  much  more  satisfactory  explanation  of  the  behavior  of  the 
different  forms  of  the  electrode  would  seem  to  be  based  upon 
the  interesting  observations  of  Cohen  and  his  co-workers5  upon 
allotropism  among  the  metals.  Cohen  and  Helderman  (Joe.  cit.) 
have  shown  from  pyknometric  and  dilatometric  measurements 
that  pure  copper  contains  several  different  modifications  of  the 
metal,  and  they  further  point  out  that  copper  is  ordinarily  in  a 
metastable  condition.  If  we  assume,  therefore,  that  spongy  cop- 
per represents  the  modification  which  is  stable  at  ordinary  temper- 
atures, the  irregularities  manifested  by  the  other  forms  may  be 
traced  to  their  instability  under  the  experimental  conditions. 
This  explanation  is  in  harmony  with  the  views  advanced  by 
Smits6  on  allotropism.  He  assumes  that  each  phase  of  an  appar- 
ently unary  system  is  composed  of  at  least  two  molecular  species 
which  are  in  internal  equilibrium,  and  may  be  looked  upon  as 

5  Zeit.  phys.  Chem.,  87,  409,  419,  426,  431    (1914). 
e  Yerslag.    Akad.    Wetenschappen,   22,    642    (1913). 
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the  components  of  a  pseudo-unary  system.  A  metal  which  ex- 
hibits allotropy  must  contain  several  different  molecular  species, 
each  dissociated  to  a  different  extent.  Hence  when  such  a  metal 
is  immersed  in  a  solution  of  one  of  its  salts  it  will  yield  more 
than  one  kind  of  ion  and  the  nature  of  the  equilibrium  will  be 
conditioned  by  the  relative  speeds  of  the  different  processes. 

SUMMARY   OF   RESULTS. 

i.  Of  the  various  forms  of  copper  electrode  which  have  been 
studied,  that  in  which  spongy  copper  is  employed  is  the  only 
form  which  is  constant  and  reproducible. 

2.  The  irregularities  observed  with  electrodes  of  massive 
copper  and  with  electrodes  of  platinum  covered  with  an  adherent 
deposit  of  copper,  may  be  ascribed  to  a  condition  of  metastability. 
The  spongy  modification  of  the  metal  is  to  be  regarded  as  the 
stable  modification  under  ordinary  laboratory  conditions. 

Chemical  Laboratory,  Bryn  Mazvr  College, 
June,  1914. 
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W.  C.  Moore:  It  seems  to  me  this  paper  could  be  made  more 
valuable  if  several  points  were  made  clear  about  the  method  of 
preparing  the  spongy  copper  electrodes  which  seem  to  be  the 
forms  which  Dr.  Getman  could  produce  at  will.  First,  as  to  the 
concentration  and  temperature  of  the  bath  from  which  the  copper 
was  deposited  on  the  platinum  loops ;  second,  whether  there  were 
any  color  changes  in  the  deposit  as  it  was  being  deposited ;  third, 
if  the  deposit  showed  any  crystals;  fourth,  how  he  washed  the 
electrodes,  and  last,  how  he  dried  them  and  kept  them  from 
oxidizing. 

With  reference  to  the  work  of  Cohen  and  Helderman7  they 
point  out  that  the  exact  location  of  the  transition  point  observed 
by  them  in  the  neighborhood  of  70°  depends  on  the  previous 
thermal  history  of  the  copper,  and  that  there  is  some  reason  to 
believe  that  a  third  modification  of  copper  exists.  Their  results 
seem  to  indicate  that  ordinary  copper  is  not  the  stable  modification 
at  the  ordinary  temperature ;  and  in  this  connection  it  would  be 

7  Zeit.  f.  physik.  Chem.,  87,  419   (1914)- 
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interesting  to  have  determined  the  transition  point  of  Dr.  Get- 
man's  stable  spongy  copper  into  the  other  varieties. 

G.  A.  Roush  :  I  disagree  with  Prof.  Getman's  conclusions 
concerning  the  results  given  in  Table  VII.  He  takes  a  sample  of 
his  raw  material,  polishes  it  with  an  emery  cloth,  and  makes  one 
measurement ;  hammers  it  for  five  minutes,  repolishes  with  emery 
cloth,  and  makes  another  measurement.  Then  he  heats  it  to 
redness,  quenches  it  and  makes  another  measurement. 

As  Dr.  Whitney  pointed  out  when  he  read  the  paper,  in  an 
electrochemical  measurement  it  is  the  surface  material  that 
determines  the  voltage.  It  is  immaterial  what  the  interior  of  the 
material  is  like ;  it  is  the  surface  that  has  to  be  taken  into  con- 
sideration, because  it  is  the  surface  which  comes  in  contact  with 
the  solution.  Prof.  Getman  has  taken  his  first  sample  and 
polished  it  with  emery  cloth.  Any  one  who  is  familiar  with 
metallography  to  any  extent,  knows  that  polishing  with  an  abra- 
sive material  forms  on  the  surface  of  a  metal  a  thin  layer  in 
which  the  molecular  condition  of  the  material  is  entirely  changed. 
I  should  say  that  is  what  Prof.  Getman  had  in  his  first  sample. 
Then  he  takes  the  same  sample  and  attempts  to  put  it  in  a  differ- 
ent molecular  condition  by  hammering ;  but  he  destroys,  to  a 
certain  extent,  whatever  change  he  did  obtain,  by  polishing  with 
emery  cloth,  since  the  second  polishing  will  give  approximately 
the  same  surface  as  the  sample  had  after  the  first  polishing.  It 
is  only  natural  under  these  conditions,  to  have  no  material  differ- 
ence between  the  first  and  second  readings.  On  the  other  hand, 
when  he  comes  to  the  third  test,  he  takes  the  sample  and  anneals 
it;  but  instead  of  polishing  it  with  emery  cloth,  as  before,  he  dips 
it  into  nitric  acid  and  washes  it  with  water,  and  it  is  to  be 
expected  that  a  material  difference  in  voltage  will  result,  because 
in  this  case  the  real  molecular  condition  of  the  metal  has  not 
been  masked  by  the  thin  surface  film  of  polished  material. 

That  any  difference  at  all  was  obtained  in  the  first  and  second 
readings  is  probably  due  to  the  fact  that  in  polishing  a  sample 
in  this  way,  it  is  difficult  to  distribute  the  pressure  equally  over 
all  parts  of  the  surface,  and  that  some  parts  of  the  surface 
might  not  have  been  entirely  covered  with  the  polished  film. 

W.   R.    jMott  :      Prof.    Burgess    and    Mr.    Hambuechen8    also 

8  Bulletin  of  the  University  of  Wisconsin,  No.  42.  An  Experimental  Study  of  the 
Corrosion  of  Iron.  By  Carl  Hambuechen,  Madison,  Wis.,  1900.  See  pages  256,  265, 
diagrams  page  275. 
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worked  on  copper  under  tension  as  to  effect  on  electromotive  force. 
The  results  on  the  observed  electromotive  force  with  iron  was 
more  than  double  that  calculated  from  the  mechanically  stored 
energy — due  in  my  opinion  to  a  breaking  up  of  an  oxide  film. 
The  copper  (and  zinc)  gave  more  consistent  results.  The  dia- 
grams show  a  remarkable  similarity  to  the  stress-elongation 
curves. 

Jos.  YV.  Richards:  There  is  no  doubt  that  when  you  take  a 
metal  and  hammer  it.  as  was  done  in  this  case,  you  have  changed 
its  molecular  tension,  and  therefore  in  dissolving  it,  you  might 
expect  to  get  larger  electromotive  force  from  the  strained  metal. 

I  think  the  results  here  are  somewhat  consistent,  in  spite  of 
the  fact  that  the  author  did  polish  the  material  with  emery  the 
second  time.  I  notice  that  after  hammering  he  gets  0.9  millivolt 
larger  electromotive  force  from  the  hammered  material,  and 
after  annealing  it,  so  as  to  take  away  the  strains,  he  gets  7  milli- 
volts less.  These  results  are  consistent  with  the  fact  that  strain- 
ing the  metal,  as  by  putting  mechanical  work  upon  it,  makes  it 
give  larger  electromotive  force,  and  removing  these  strains  it 
gives  less  electromotive  force.     I  think  the  figures  prove  it. 

The  importance  of  this  matter  in  the  corrosion  of  metals  is 
great,  because  where  a  metal  is  strained  or  worked,  and  not 
worked  uniformly,  when  the  metal  is  carefully  examined,  we 
find  lines  of  strain,  which  are  brought  out  by  the  application  of 
acids.  There  are  parts  of  the  metal  in  a  greater  condition  of 
strain  than  others.  These  parts  are  possessed  of  a  greater 
potential  for  solution  than  the  other  parts,  and  when  closed  in  a 
voltaic  circuit,  set  up  with  them  considerable  electrochemical 
currents.  That  has  been  proven  pretty  well  in  the  case  of  alu- 
minium, and  I  think  probably  in  the  corrosion  of  iron  and  steel, 
as  brought  out  in  some  of  our  recent  transactions. 

Mr.  Getman's  result  also  points  to  the  fact  that  when  you  are 
trying  to  get  a  scientifically  pure  material,  absolutely  reproducible, 
you  must  try  to  secure  metal  which  has  no  physical  history. 
If  you  take  a  metal  which  has  a  physical  or  thermal  history,  you 
will  get  varying  results  if  your  tests  are  delicate  enough.  In 
order  to  get  reproducible  results  you  must  use  the  metal  in  such 
condition  that  its  past  history  has  the  minimum  effect  upon  the 
experiments. 
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F.  C.  Frary  :  It  would  be  very  interesting  if  Mr.  Getman 
would  test  some  of  his  spongy  copper  for  sulphide.  It  is  generally 
found  in  electro-analysis  that  copper  deposited  in  a  spongy  state 
weighs  more  than  it  should,  and  is  dark  in  color.  Both  these 
facts  are  ascribed  to  the  presence  of  sulphide.  It  is  also  important 
to  check  the  neutrality  of  the  solution  made  up  from  supposedly 
C.  P.  copper  sulphate.  A  trace  of  acid  would  cause  varying 
results  to  be  obtained  as  the  acid  gradually  was  used  up  by  the 
electrodes. 

W.  Lash  Miller:  The  influence  of  the  surface  is  readily  seen 
by  looking  at  the  deposit  on  a  burnished  copper  cathode ;  if  the 
current  flows  for  a  short  time  only,  the  deposit  is  not  uniform, 
but  follows  otherwise  invisible  lines  made  by  the  burnishing  tool. 

Jos.  W.  Richards:  It  may  be  possible  that  when  the  copper 
is  deposited  in  the  spongy  state,  with  a  high  current  density,  it 
contains  a  small  amount  of  hydrogen.  If  it  happens  always  to 
have  a  uniform  amount  of  hydrogen-,  then  it  is  all  right,  and  the 
electrode  might  be  reproduced  within  the  limits  of  probable 
experimental  work.  I  think  if  this  copper  were  examined  care- 
fully it  would  be  found  to  contain  a  certain  amount  of  hydrogen. 

W.  C.  Moore  :  With  reference  to  the  point  Prof.  Richards 
just  brought  out,  this  work  of  Cohen  and  Helderman  refers  to 
another  article  in  which  mention  is  made  of  the  fact  that  spongy 
copper  sometimes  turns  dark  in  precipitation,  and  this  dark  color 
is  possibly  due  to  an  alloy  of  hydrogen  and  copper.  I  asked,  for 
that  reason,  whether  any  color  changes  were  observed.  These 
authors  mentioned  by  Cohen  and  Helderman,  referring  to  the 
phenomena  observed  on  electrolyzing  copper  solutions  with  a 
high  current  density,  point  to  the  fact  that  no  hydrogen  is  evolved 
from  the  dark  deposits  of  copper,  while  it  is  evolved  from  the 
bright  deposits  of  copper ;  and  I  have  recently  observed  when 
the  darker  deposits  become  light,  that  hydrogen  is  evolved  from 
them  then,  and  not  until  then  do  they  become  light. 

H.  C.  Chapin  :  Suppose  these  dark  spots  were  copper  oxides? 
Would  not  that  react  on  the  hydrogen,  and  prevent  its  evolution  ? 

Jos.  W.  Richards  :  I  do  not  think  there  is  likely  to  be  copper 
oxide  deposited  on  the  cathode.  If  you  electrolyze  a  solution  of 
dilute  copper  sulphate,  you  get  at  first  a  bright  deposit  of  copper. 
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But  you  can  keep  on  electrolyzing  until  you  get  hydrogen ;  and 
as  hydrogen  commences  to  appear,  the  copper  commences  to  get 
spongy,  so  there  seems  to  be  a  direct  connection  between  the 
spongy  condition  of  copper  and  the  evolution  of  hydrogen. 

W.  C.  Moore  :  The  work  I  did  was  with  a  solution  which  was 
acid,  and  there  was  little  chance  for  copper  oxide  to  form. 
Hydrogen  was  evolved  from  this  black  copper  and  then  it  turned 
light ;  it  was  black  at  first  and  light  later ;  whenever  the  copper 
deposited  at  first  was  bright  it  allowed  hydrogen  to  be  evolved 
therefrom  immediately. 

Frederick  H.  Getman  (Communicated)  :  The  spongy  copper 
electrodes  were  prepared  by  electrolyzing,  at  room  temperature, 
a  solution  of  copper  sulphate  containing  approximately  375 
grams  per  liter.  The  current  density  was  about  2.1  amperes  per 
square  centimeter  of  electrode  surface.  The  copper  separated 
in  an  amorphous  form,  the  deposit  having  a  reddish-brown  color. 
The  platinum  loop  covered  with  the  deposit  of  copper  was 
washed  successively  in  distilled  water,  alcohol,  and  ether,  after 
which  it  was  immersed  in  the  solution  of  copper  sulphate  in  the 
experimental  cell. 

It  has  been  shown  by  Lewis  and  Lacey  (loc.  cit.)  that  oxidation 
plays  no  important  role  in  the  behavior  of  copper  electrodes 
prepared  in  the  foregoing  manner.  Identical  results  were 
obtained  with  the  electrodes  when  special  precautions  were  taken 
to  insure  the  compete  absence  of  oxygen.  The  same  authors 
also  proved  that  occluded  hydrogen  plays  no  part  in  the  electrode 
process  by  carrying  out  a  series  of  experiments  in  copper  sulphate 
solutions  containing  0.001  N.  sulphuric  acid.  If  hydrogen  were 
occluded  in  the  electrodes  the  addition  of  H'  ions  to  the  electrolyte 
would  cause  a  variation  in  the  potential.  No  change,  however, 
was  observed. 

The  determination  of  the  transition  point  of  the  spongy  copper 
is  a  phase  of  the  problem  which  I  hope  to  report  upon  in  the 
future. 

No  tests  were  applied  to  ascertain  whether  the  electrodes  con- 
tained traces  of  copper  sulphide. 

As  to  the  irregularities  observed  with  stick  electrodes,  it  is 
evident  that  further  experimentation  is  necessary  before  their 
anomalous  behavior  can  be  satisfactorily  explained. 
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THE  ELECTROLYTIC  DETERMINATION  OF  NICKEL. 

By  W.  Judson   Marsh. 

Among  the  methods  proposed  for  the  electrolytic  determination 
of  nickel,  that  of  A.  Classen,  who  uses  a  solution  containing  an 
excess  of  ammonium  oxalate,  is  quite  generally  recommended  by 
the  standard  text  books  on  quantitative  analysis.  The  method  is 
also  mentioned  favorably  in  some  of  the  books  on  electro-analysis. 
Work  in  this  laboratory  had  already  shown  that  this  method  was 
not  especially  accurate  or  easy  to  carry  cut,  and  so  it  was  decided 
to  repeat  certain  work  already  carried  out  and  to  test  out  certain 
other  suggestions  made  by  Professor  Bancroft  of  this  laboratory. 

Much  work  has  already  been  done  on  the  electrolytic  deter- 
mination of  nickel  and  its  congener  cobalt,  but  a  complete  biblio- 
graphy of  such  research  is  not  required  in  the  present  article1. 

In  1902  Akerberg2  made  a  study  of  the  rapidity  of  the  electro- 
lytic decomposition  of  oxalic  acid  in  the  presence  of  sulphuric 
acid,  in  which  he  came  to  the  following  conclusions : 

1.  In  H2S04  solution  oxalic  acid  is  but  little  decomposed  by 
the  electric  current. 

2.  Platinized  platinum  anodes  cause  the  decomposition  of 
oxalic  acid,  i.  e.,  it  is  oxidized  at  the  anode. 

3.  Reaction  is  monomolecular,  i.  c, 

H2C204  -f  O  =  H20  +  2C02 

In  1909,  G.  Lambris3  reported  a  further  research  on  "The 
Taking-up  of  Carbon  by  Metals  in  the  Case  of  Electrolysis  from 
Aqueous  Solution,  with  especial  reference  to  Nickel."  In  this 
article  the  author  reviews  previous  work  on  the  electrolytic  de- 
position of  carbon  and  describes  his  own  experiments  minutely. 
It  had  been  found  that  certain  carbonaceous  material  was  de- 
posited along  with  nickel  in  the  method   suggested  by  Classen 

'Zeit.   anal.   Chem.,   19,  314    (1880). 

2  Zeit.   anorg.   Chem.,  31,   161    (1902). 

3  Zeit.  Elektrochemie,   15,  973    (1909). 
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and   the   author   attacked    the   problem   of   explaining   and   pre- 
venting this.     He  came  to  the  following  conclusions : 

i.  The  absorption  of  carbon  by  the  nickel  is  entirely  due  to 
a  gas  reaction. 

2.  The  gases  which  introduce  the  carbon  are  CO,C02  and 
C2H2.  Such  gases  as  are  reduced  beyond  C2H2  do  not  introduce 
any  carbon. 

3.  Oxalic  acid  is  partly  reduced  to  C2H2  upon  platinum  and 
nickel,  but  not  when  Cu,  Fe,  or  Sn  cathodes  are  used.  Therefore 
C,H2  is  only  a  carrier  of  carbon  to  metals  (cathodes)  in  elec- 
trolysis. 

4.  The  carbon  in  electrolytic  Ni  is  present  in  the  form  of 
carbide. 

5.  A  porous  porcelain  cup  placed  about  the  cathode  prevents 
the  deposition  of  carbon  with  the  nickel. 

6.  The  introduction  of  (NH4)2C03,  C2H2,  C02  and  CO  into 
the  cathode  compartment  causes  the  separation  of  carbon  along 
with  nickel. 

7.  When  C2H2  is  used,  the  carbon  content  is  very  nearly  the 
same  as  in  the  case  of  the  oxalate  electrolysis. 

Lambris  also  did  much  other  work  on  the  nature  of  this  deposit 
of  carbonaceous  matter,  and  came  to  the  conclusion  that  it  existed 
as  a  carbide,  which  when  separated  out  for  analysis  invariably 
yielded  heavy  hydrocarbons,  light  hydrocarbons,  carbon  dioxide, 
and  hydrogen  on  treatment  with  dilute  HC1.  He  also  concluded 
that  certain  small  amounts  of  ammonium  salts  were  held  (ad- 
sorbed) by  the  carbon  itself,  which  separates  on  dissolving  the 
metal  deposit.  He  was  able  to  obtain  results  from  2  to  2.5 
percent  in  excess  of  the  weight  of  nickel  known  to  be  present 
(e.  g.  8.6  mg.  carbon  in  a  deposit  of  0.4403  g.  nickel). 

Classen's  method  is  described  in  his  book,  "Quantitative  An- 
alysis by  Electrolysis."  (1903  edition,  p.  160.)  "Metal  present  as 
sulphate. 

Substance  added :   6  to  8  g.  ammonium  oxalate. 

Total  volume  of.  solution  :    120  cc. 

Temperature:   6o°  to  70°. 

Current  density  at  cathode:    N.D.100  =1.0  ampere. 

Potential  difference :    3  to  4  volts. 

Time  required :    about  3  hours." 
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Classen  advises  the  use  of  ammonium  sulphide  to  test  the 
solution  for  the  last  traces  of  nickel.  His  book  gives  short 
descriptions  of  the  methods  of  Fresenius  and  Bergmann 
[(NH4),S04  +  free  NH4OH  in  solution],  Oettel  (chloride 
solutions).  Smith  (cyanide  solution),  Fernberger  and  Smith 
(phosphate  solution),  Campbell  and  Andrews  (phosphate  and 
excess  NH4OH  solution)  and  Gooch  and  Medway  [(NH4)oS04 
-(-  NH4OH  with  rapid  rotation].  He  gives  no  further  data  as 
to  the  conditions  or  results  of  his  method  for  nickel ;  but  under 
his  oxalate  method  for  tin,  which  is  quite  similar,  he  claims  that 
the  method  is  sufficiently  accurate  to  yield  results  suitable  for  the 
atomic  weight  determination  of  tin   (page  212). 

Attempts  have  been  made  in  this  laboratory  to  use  this  oxalate 
method  for  the  determination  of  nickel,  cobalt,  and  tin,  but  only 
in  the  last-mentioned  case  (tin)  has  it  proved  suitable  for 
accurate  electroanalysis.  Briefly,  some  of  the  disadvantages  or 
inconveniences  of  the  method  are :  the  use  of  special  and  ex- 
pensive apparatus,  the  necessity  of  plating  the  platinum  dish 
cathode  with  copper  or  silver,  the  long  and  uncertain  time 
required  for  a  determination  (3  to  7  hours),  extra  trouble  of 
heating  the  solution  to  a  constant  temperature,  evaporation  of 
the  electrolyte  and  the  consequent  tendency  of  salts  to  "crawl" 
out  on  the  stem  of  the  anode  and  upper  edges  of  the  dish,  the 
separation  of  the  nickel  as  peroxide  on  the  anode  toward  the 
end  of  the  run,  the  necessity  of  siphoning  out  the  solution  and 
adding  distilled  water  at  the  end  of  the  run  and  the  uncertainty 
as  to  results  obtained,  these  usually  running  high  due  to  the 
co-deposition  of  carbonaceous  material. 

In  the  description  of  the  method  no  mention  is  made  of  this 
last  and  most  troublesome  tendency,  and,  of  course,  no  suggestion 
,as  to  any  means  of  obviating  it.  With  this  in  mind  the  present 
research  was  begun  with  the  following  objects  in  view : 

1.  Repetition  of  certain  parts  of  the  work  of  Akerberg  and 
Lambris. 

2.  To  find  the  conditions  which  give  the  worst  results,  i.  e., 
the  highest  percent  of  deposited  carbon,  etc. 

3.  To  find  the  conditions  which  give  the  best  results  bv  this 
method. 
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4.  If  possible,  to  modify  the  method  so  as  to  render  it  more 
accurate  and  rapid. 

5.  To  test  out  the  effect  of  certain  addition  substances. 

6.  If  not  possible  to  improve  the  method  sufficiently,  to  work 
out  and  give  in  detail  some  simpler,  more  rapid,  and  more 
accurate  method. 

Very  little  need  be  said  as  to  the  repetitions  of  work  by  Aker- 
berg.  From  the  statement  of  the  former  to  the  effect  that  oxalic 
acid  was  but  little  decomposed  by  the  current  when  sulphuric 
acid  was  present,  it  was  thought  that  possibly  the  presence  of 
the  sulphate  ion  might  prevent  the  break-up  and  consequent 
oxidation  of  the  oxalate  ion  and  consequently  do  away  with  the 
deposition  of  carbon  at  the  cathode,  the  theory  being  that  the 
oxalic  acid  is  oxidized  at  the  anode  to  2C02  and  H20,  and  that 
the  CO,  then  diffuses,  in  part,  to  the  cathode,  where  it  is  reduced 
and  some  acetylene  is  formed,  which  then  may  react  with  the 
freshly  deposited  nickel  to  form  a  carbide  of  nickel.  The  use  of 
H2S04  in  this  case  is  not  permissible  and  so  (NH4)2S04  was 
tried,  without  the  desired  result.  A  solution,  the  Ni  content  of 
which  had  been  previously  determined  by  the  excellent  dimethyl- 
glyoxime  method  of  Brunck4,  was  found  to  contain  0.1698  g. 
Ni  per  50  cc.  solution.  Using  the  apparatus  and  conditions 
recommended  by  Classen  with  additions  of  3,  5,  and  10  grams 
(NH4)2S04,  deposits  were  obtained  weighing  0.1730  g.,  0.1748 
g.,  0.1 719  g.  In  every  case  50  cc.  samples  were  taken  carefully 
from  a  reservoir — burette  bottle  (at  or  very  near  20  °  C). 

An  attempt  was  next  made  to  repeat  the  work  in  which  Lambris 
obtained  the  highest  amounts  of  carbon  along  with  the  nickel 
deposit — the  amount  being  judged  by  the  difference  in  weight 
of  the  deposit  and  the  weight  of  nickel  in  the  solution  used 
(i.  e.,  0.1698  g.  Ni  per  50  cc.  solution).  Unsuccessful  attempts 
were  made  to  cause  the  nickel  of  the  deposit  to  dissolve  in 
KG.CuCl2.2H20  solution  as  used  in  the  determination  of  total 
carbon  in  iron  or  steel.  It  was  found  that  hydrochloric  acid  of 
a  concentration  sufficient  to  dissolve  the  deposit  left  little  or  no 
solid  residue  of  carbonaceous  material,  which  is  in  accord  with 
the  findings  of  Lambris.      It  was   found   possible,   however,  to 

4  Zeit.   angew.  Chemie,   1844  (1907). 
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obtain  some  of  this  carbonaceous  material  by  adding  distilled 
water  and  then  nitric  acid  drop-wise  until  the  deposit  began  to 
dissolve  very  slowly  as  shown  by  the  evolution  of  small  gas 
bubbles  from  the  surface  of  the  deposit.  The  reaction,  however, 
tended  to  speed  up  as  heat  was  evolved  and  more  distilled  water 
was  added.  With  care  it  was  found  possible  to  obtain  from 
]/2  to  2/$  of  the  weight  in  excess  of  the  true  weight  of  nickel. 
The  amount  of  this  solid  residue,  however,  was  necessarily  small 
(a  few  milligrams)  and,  when  analyzed  by  the  oxygen  combus- 
tion method,  the  results  were  not  very  satisfactory,  indicating 
that  the  product  was  from  77.5  to  91  percent  carbon.  This  was 
not  considered  surprising,  however,  as  the  material  seemed  to 
vary  considerably  in  color,  size  of  particles,  and  physical  form. 
Usually  it  was  nearly  black,  but  on  two  occasions  it  appeared 
distinctly  brownish.  Usually  it  was  finelv  divided  and  granular 
in  appearance,  but  sometimes  it  was  flocculent  and  filmy.  It 
seemed  to  cling  tenaciously  to  small  amounts  of  ammonium  salts. 
Lambris  reported  that  he  was  unable  to  notice  any  carbon  when 
Cu,  Fe,  or  Sn  cathodes  were  used.  In  this  laboratory  very  con- 
siderable amounts  of  carbon  have  been  found  when  a  solution 
of  copper  carbonate  is  dissolved  in  a  slight  excess  of  acetic  acid 
and  the  solution  electrolyzed,  using  a  potential  difference  of  2.5 
to  3  volts  and  a  current  density  of  N.D.100  =  1  to  2  amperes  in  a 
total  volume  of  150  cc.  Also  in  Classen's  oxalate  method  for  tin, 
numerous  high  results  have  been  obtained.  A  tin  solution  made 
from  Kahlbaum's  C.  P.  Tin  so  that  50  cc.  was  exactly  equal  to 
0.3000  g.  Sn  gave  the  following  results : 

Series  I  Series  II 

O.3O08  O.3036 

O.3OIO  O.304O 

O.3OO7  O.304I 

The  results  in  the  second  series  were  higher  than  those  in 
Series  I  because  they  were  run  from  15  minutes  to  one-half  hour 
longer  than  those  in  Series  I.  Conditions  used  were  4  g. 
(NH4)2C204,  8  g.  H2C204  at  i  ampere  per  100  sq.  cm.  and  3 
volts,  using  a  rotating  copper  gauze  cathode  (see  below).  In 
spite  of  Classen's  note  to  the  contrary,  this  method  does  not 
seem  well  suited  to  the  determination  of  the  atomic  weight  of  tin. 
If  the  electrolysis  was  allowed  to  run  for  one  hour,  the  results 
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were  fairly  good,  but  they  seemed  to  go  much  too  high  when 
allowed  to  run  longer. 

In  the  introductory  part  of  his  book  Classen  recognized  several 
phenomena  of  a  nature  apparently  similar  to  the  above  cases  in 
which  the  oxalate  radical  seems  to  furnish  a  source  of  the 
carbon  deposited  with  metals.  For  example  (on  page  39  of  his 
book)  he  noted  that  the  carbon  dioxide  was  formed  by  the  oxida- 
tion of  the  acetic  acid  radical,  which  then  might  also  yield  ethane 
and  even  ethylene.  Octane,  isobutylene,  ethylene,  carbon  mon- 
oxide, formaldehyde,  formic  acid,  etc. — he  said  were  also  formed 
on  the  break-up  of  various  organic  acids. 

The  attempt  to  find  conditions  which  yield  the  highest  amounts 
of  deposited  carbon  gave  no  new  results.  The  percentages  of 
carbon  deposited,  as  indicated  by  excess  weight  of  the  deposit, 
were  of  much  the  same  magnitude  as  those  obtained  by  Lambris, 
i.  e.,  about  2.5  percent. 

Next,  numerous  runs  were  made  in  an  endeavor  to  improve 
the  method,  but  without  much  success.  When  the  temperature 
is  kept  close  to  50°  and  water  is  added  from  time  to  time  to 
replace  that  lost  by  evaporation,  the  method  gives  fair  results  if 
allowed  to  run  2.5  to  3  hours.  These  results  are  usually  a  little 
low,  however,  as  some  nickel  remains  in  the  solution.  This 
amount  is  too  small  to  be  shown  by  the  (NH4)2S  test,  but  shows 
up  readily  on  using  dimethylglvoxime  as  a  spot-test  reagent. 
This  indicator  is  now  used  in  this  laboratory  as  an  end  test  for 
both  nickel  and  cobalt,  giving  a  reddish-pink  coloration  with  Co 
and  a  pink  precipitate  with  Ni  (in  presence  of  NH4OH  or 
NaAc).  Variation  of  the  amount  of  (NH4),C,04  had  but  little 
effect  as  long  as  the  amount  present  exceeded  5  grams  per  120 
cc.  of  solution  containing  ca.  0.17  g.  Ni.  The  addition  of  1-2 
gram  of  urea  had  a  beneficial  effect.  The  tendency  for  Ni02  to 
separate  at  the  anode  toward  the  end  of  the  run  was  eliminated 
by  addition  of  a  little  NH4OH  or  "glycerol  mixture."5  or  by 
decreasing  the  current  and  voltage  for  a  few  minutes  near  the 
end  of  the  run. 

Since  none  of  the  above  changes  improved  the  method  suffi- 
ciently to  render  it  as  rapid  and  accurate  as  a  good  electrolytic 
method   should  be.   it   was   decided  to  try  the  effect  of  certain 

0  R.    I".    Smith:     Electro- Analysis. 
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addition  substances  (known  to  electroplaters  as  "dopes").  It 
was  thought  that  some  reducing'  agent  might  be  found  which 
would  react  with  the  oxygen  formed  at  the  anode  and  by  so 
doing  decrease  the  time  required  and  the  amount  of  carbon 
dioxide  formed  and  consequently  the  amount  of  carbon  deposited. 
Those  tried  were  hydrazine  sulphate,  hydroxylamine  sulphate, 
sodium  nitrite  and  sodium  sulphite.  Of  the  first  three  hydrazine 
sulphate  was  the  only  one  to  produce  a  noticeable  effect,  when  it 
was  added  to  the  extent  of  5  grams  it  produced  a  blackening  of 
the  deposit,  possibly  due  to  the  formation  of  nickel  sulphide. 

This  last  seems  more  probable  in  the  light  of  the  unexpected 
behavior  of  the  last  reducing  agent,  sodium  sulphite.  Although 
this  has  not  been  sufficiently  investigated,  it  is  certain  that  its 
effect  is  surprising  and  for  this  reason  it  is  to  be  studied  more 
thoroughly.  Briefly  the  phenomena  noticed  were  as  follows : 
On  addition  of  5  grams  of  NaL,SO>:.  (Baker's  C.  P.),  all  other 
conditions  being  those  employed  by  Classen,  a  black  flocculent 
precipitate  begins  to  form  almost  as  soon  as  the  circuit  is  closed. 
This  precipitate  increases  rapidly  in  amount  and  the  odor  of 
hydrogen  sulphide  is  perceived.  Thinking  that  this  phenomenon 
might  be  due  to  some  chemical  reaction,  a  blank  was  made 
which  showed  this  not  to  be  true.  Other  blanks  were  run,  the 
first  showing  no  such  behavior  when  the  6  to  8  grams 
(NH4)L>C,04  was  electrolyzed  with  5  grams  Na„SOa  in  120  cc.  of 
water  at  50°C,  and  the  second  also  gave  a  negative  result  when 
the  nickel  solution  and  5  g.  NaaS03  was  electrolyzed,  all  other 
conditions  being  the  same  except  that  no  (NH4)2C204  was 
present. 

At  first  it  was  thought  that  this  precipitate  might  be  some 
carbonaceous  material  such  as  that  which  deposited  with  the 
nickel,  but  on  filtering  it  off  and  washing  it,  the  material  dis- 
solved quite  easily  in  warm  6NHC1  with  evolution  of  H,S  and 
the  formation  of  the  characteristic  green  solution  of  nickel 
chloride.  It  was  evident  that  120  cc.  of  a  nickel  sulphate  solution 
is  quickly  reduced  to  black  NiS  in  the  presence  of  6  to  8  g. 
(NH4)X204  and  5  g.  Na2SOs. 

Then,  on  washing  out  the  Classen  dish  in  which  this  run  had 
been  started,  it  was  noticed  that  a  firm  deposit  had  been  formed 
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on  the  copper  with  which  the  dish  had  been  previously  plated. 
This  deposit  appeared  much  like  the  ordinary  good  nickel  deposit, 
but  was  somewhat  darker  in  color.  Previously  certain  very  thin 
films  of  iridescent  metallic  sheen  had  been  noted  floating  off 
from  the  dish  cathode  when  the  solution  was  rapidly  stirred. 
These  films  were  very  similar  to  those  often  noticed  when  H2S 
is  passed  into  solutions  for  the  precipitation  of  metals  in  quali- 
tative analysis,  especially  in  case  of  lead  solutions.  Although 
this  work  has  not  yet  been  confirmed  it  seems  reasonably  certain 
that  these  films  as  well  as  the  firm,  even,  metallic  deposit  on  the 
copper  were  both  nickel  sulphide.  It  may  be  possible  that  in 
dissolving  the  deposit  with  I :  I  HN03  some  error  of  manipula- 
tion was  made,  but  it  is  certain  that  after  washing  the  deposit 
carefully,  a  considerable  quantity  of  hydrogen  sulphide  was  given 
off  when  the  nitric  acid  was  diluted.  This  might  seem  to  indicate 
that  a  form  of  nickel  sulphide  not  unlike  the  mineral  millerite 
(sulphide  of  Ni)  had  been  formed.  This  mineral6  is  said  to 
have  a  "grayish  iridescent  tarnish"  and  it  is  claimed  to  have  been 
prepared  artificially.7 

The  addition  of  small  amounts  of  urea  (i  to  2  g.)  seemed  to 
cut  down  the  time  required  for  the  completion  of  a  determination, 
but  no  effect  on  the  carbon  deposition  was  noted. 

Finally  it  seemed  possible  that  a  decrease  in  the  size  of  the 
anode  might  tend  to  lessen  the  oxidizing  effect  at  that  electrode, 
as  the  oxygen  would  be  less  liable  to  remain  in  the  solution. 
When,  however,  a  platinum  wire  was  used  as  anode,  it  was 
found  that  the  consequent  increase  in  anode  density  augmented 
the  tendency  of  nickel  to  deposit  as  peroxide  on  the  anode.  For 
this  reason  it  was  necessary  to  abandon  this  idea. 

At  this  point  it  was  thought  best  to  test  out  some  other  method 
along  with  a  simpler  form  of  apparatus.  It  was  hoped  to  adopt 
and  modify  some  of  the  successful  methods  of  the  electroplating 
industry  so  as  to  work  out  a  procedure  satisfactory  to  the  analyst. 
Thinking  that  such  a  method  would  be  more  liable  to  yield  the 
desired  results  if  the  solution  should  be  as  nearly  neutral  and 
of  as  unchanging  composition  as  possible,  a  number  of  plating 
methods  were  tried  out,  including  a  boric  acid  solution,  the  same 

8  Dana's  Mineralogy,  p.  70-71. 

TWeinschenk:    Zeit.   Kryst.,   17,   500    (1890);   Baubigny:     Syn.   Min.,  4,    168    (1817). 


ELECTROLYTIC  DETERMINATION  OF  NICKEL.  87 

with  various  addition  substances,  a  solution  containing  an  excess 
of  borax,  a  solution  containing  an  excess  of  sodium  pyro-phos- 
phate  and  ammonia,  a  solution  containing  a  slight  amount  of 
formic  acid  and  an  excess  of  sodium  formate,  a  solution  con- 
taining a  small  amount  of  free  lactic  acid  and  an  excess  of  lactate 
(NH4  lactate),  a  solution  containing  free  phosphoric  acid  and 
NaH2P04  and  finally  the  well-known  ammonium  sulphate-am- 
monia solution.8 

Of  all  the  solutions  above  mentioned,  the  last  was  the  most 
satisfactory.  Some  would  not  run  to  completion,  some  gave  good 
deposits  at  first  but  unsuitable  for  analytical  purposes  due  to 
"burning,"  etc.,  at  the  end,  most  of  them  were  very  slow,  etc. 
After  considerable  work  on  this  method  the  following  very  satis- 
factory solution  was  found : 

Nickel  present  (about  0.2000  g.)  as  (NH4)2S04.NiS04.6H20. 
Ammonium  hydroxide  15-20  cc.  (Sp.  g.  0.96). 
Ammonium  sulphate  5  grams. 
Amperage  0.8  ±0.1. 
Potential  difference  3.5  ±  0.2  volts. 
Time  required  about  25  minutes.     Room  temperature. 
Nitric  acid,  nitrates,  and  chlorides  must  not  be  present.     Total 
volume  of  solution  made  up  with  H20  to  200  cc. 

Electrolyze  in  a  350  cc.  beaker  using  a  10  g.  platinum  wire 
gauze  flag  anode  (52  mesh  and  6  x  4.5  cm.)  and  a  rotating  (550- 
650  R.P.M.)  pure  Cu  gauze  (50  mesh  and  5  cm.  high  x  3  cm. 
diameter)  cathode.  This  electrode  combination  is  much  less  ex- 
pensive than  the  Classen  dish  and  disk  of  platinum,  requiring 
only  one-fifth  as  much  platinum  as  the  latter.  The  Cu  wire  gauze 
cathode  can  be  made  easily,  quickly,  and  cheaply.  Stiff,  twisted 
Cu  wire  is  used  for  the  stems  and  small  Cu  tacks  are  used  to 
rivet  the  gauze  together.  One  such  cathode  can  be  used  for  a 
great  many  determinations,  as  a  fresh  surface  for  deposition  may 
be  obtained  by  dipping  a  used  cathode  in  1  :  1  HNOs  for  a  few 
moments.  When  well  made  and  properly  handled  these  cathodes 
which  cost  but  a  few  cents  and  a  few  minutes  work  give  results 
exactly  as  good  as  any  platinum  cathode.  This  makes  it  possible 
to  run  many  more  determinations  than  is  usually  possible  with 

8  E.    F.    Smith:     Electro -Analysis,   pp.    122-130. 
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more  expensive  forms  of  apparatus.  These  cathodes  have  also 
been  used  successfully  in  the  laboratory  for  the  determination  of 
copper,  tin,  cobalt,  cadmium,  bismuth,  silver,  and  zinc.  They 
have  also  been  used  in  combination  with  the  platinum  wire  gauze 
anodes  for  the  determination  of  lead  and  manganese,  both  of 
which  are  deposited  on  the  anode  as  peroxides. 

The  accompanying  table  of  results  obtained  by  eleven  different 
students  using  this  method  will  give  some  idea  as  to  the  value 
of  the  method  to  those  not  especially  skilled  in  quantitative 
manipulations. 
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Solution    =    NiS04.(NH4)2S04.6H20    (ca  21    g.   per   liter) 

Weight  of  nickel  in  each  run9  =  0.1336  g.  -f-  15  cc.  NH4OH, 
sp.  gr.  0.96 ;  diluted  to  200  cc. 

50  cc.  nickel  solution.     Potential  difference  3.5      0.2  volts. 

Error  of 
Method 

+O.OO23  §• 
— O.OOO  I 
— O.OO4O 
-fO.0004 
— O.OO26 
+O.0OI2 
+O.0O02 
+O.OOIO 
— 0.0002 
— 0.0002 
— O.OOO4 
+O.0002 
+O.OOO5 

O.OOOO 
+O.OOO4 

O.OOOO 
— O.OOO4 
+O.OO08 
+  O.0OO3 
+  O.0OO3 
+O.0OO8 
— O.OOO5 


Weight  of 

Current 

Time 

Ni  found 

0.7  amp. 

20  min. 

0.1359  g. 

0.7   '• 

20   " 

0.1337 

0.7   " 

20   " 

O.I296 

0.7   " 

20   " 

O.I34O 

0.7   " 

20   " 

O.I3IO 

0.8   " 

30   " 

O.I348 

0.8  " 

30   " 

O.I338 

0.8   " 

30   " 

O.I346 

0.8  " 

25   "' 

0.1334 

0.8   " 

25   " 

O.I334 

0.8  " 

25   " 

O.I332 

0.8   " 

25   " 

0.1338 

0.7   " 

25   ' 

0.1 341 

0.7 

25   ' 

O.I336 

0.7 

25   " 

O.I34O 

0.7 

25   ' 

0.1336 

0.7 

25   " 

O.I332 

0.7   " 

25   " 

O.L344 

0.8   " 

25   " 

0.1339 

o.S  " 

25   " 

0.1339 

0.8  " 

30   " 

0.1344 

0.8  " 

30   " 

0.1 33 1 

Average. 

•0.75  " 

25   " 

0.1336  g 

+  0.00002    S. 


9  The  amount  of  nickel  per  50  cc.  of  solution   Co. 1336)   was  determined  by  averaging 
series  of  fine  determinations  of  Ni  by  the   dimethyl  glyoxime  method. 
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DISCUSSION. 

F.  C.  Frary  :  The  method  recommended  is  a  very  slight  modi- 
fication of  that  of  Fresenius  and  Bergmann,  to  which  Dr.  Marsh 
refers,  and  I  can  corroborate  his  statement  as  to  the  accuracy 
and  satisfactory  character  of  the  determination,  as  we  have  used 
it  at  the  University  of  Minnesota  for  a  number  of  years,  We 
find,  however,  that  it  is  not  necessary  to  rotate  the  electrode. 
With  most  metals  the  rotation  of  the  electrode  or  electrolyte  is 
necessary  if  higher  currents  are  to  be  used.  We  prefer  a  nickel 
cathode  to  a  copper  one,  as  there  is  less  error  due  to  oxidation 
at  the  point  where  the  electrode  is  at  the  surface  of  the  solution. 
Several  coats  of  nickel  can  be  deposited,  one  on  top  of  the  other, 
until  the  meshes  of  the  gauze  are  nearly  filled,  when  part  of  the 
nickel  is  removed  with  acid,  and  the  electrode  is  ready  for  use 
again. 

W.  Judson  Marsh  :  We  also  used  nickel  gauze.  I  am  not 
familiar  with  the  method  of  using  the  cathode  without  rotation. 
I  am  glad  to  know  of  that.  We  had  noticed  that  there  was  some 
oxidation  effect  at  the  stem  of  the  copper  electrode,  but  it  was 
very  slight.  I  think  with  care  and  occasional  washing  that  these 
accumulations  can  be  cut  down  very  much.  The  nickel  gauze 
electrodes,  however,  cost  more  than  the  copper. 

Jos.  W.  Richards:  In  industrial  plating  there  is  a  different 
thing  aimed  at  from  what  you  have  in  electro-analysis.  In  indus- 
trial practice  you  are  using  nickel  anodes  and  not  trying  at  all 
to  extract  the  nickel  from  the  solution.  In  electro-analysis  you 
are  trying  to  take  the  last  trace  of  nickel  out  of  the  solution ; 
the  two  are  different  problems,  entirely  different  in  their  nature. 
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so  that  it  is  hardly  likely  that  the  industrial  method  would 
necessarily  be  successful  for  the  analytical  method ;  on  the  other 
hand,  the  analytical  method  will  very  frequently  give  information 
of  use  to  the  industry. 

W.  Judson  Marsh  (Communicated)  :  In  reference  to  con- 
tinued use  of  the  copper  wire  gauze  cathodes,  I  would  call  Dr. 
Frary's  attention  to  the  statement  at  the  bottom  of  page  87  of 
my  paper.  It  was  not  at  all  uncommon  to  use  these  cathodes 
for  35  or  40  determinations  each.  If  one  should  become  weakened 
it  could  be  strengthened  by  causing  either  copper  or  nickel  to  be 
plated  on  the  weakened  part. 

In  reply  to  Professor  Richards'  statement  that  the  practice  in 
industrial  plating  and  electro-analysis  are  quite  different,  I  would 
say  that  our  object  was  to  make  such  simple  modifications  of  the 
methods  of  the  electroplating  industry  that  it  would  be  possible 
to  use  them  as  methods  for  control  of  the  plating  baths,  etc. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  tails,  October 
1,  1914,  President  F.  A.  Lidhury  in  the 
Chair. 


ON  ELECTROMETRIC  TITRATIONS. 

By  Henry  Ziegel. 

The  following  concerns  a  possible  technical  application  of 
the  change  in  potential  at  the  end  point  when  a  bichromate  solu- 
tion is  reduced  by  a  solution  of  ferrous  salt. 

The  change  in  potential  in  a  solution  at  the  end  point  of  a 
titration  has  been  studied  by  several  workers  during  the  last 
fifteen  years.1  Recently  Hildebrand,2  and  especially  Forbes  and 
Bartlett,3  have  studied  this  change  in  potential  in  the  ferrous  iron- 
bichromate  titration.  Under  the  conditions  observed  by  the  latter 
authors,  this  potential  change  is  about  0.2  volt  and  even  greater. 
The  author  has  recently  been  successful  in  applying  this  change 
in  potential  to  the  regulation  of  the  burette  stopcock  in  such  a 
manner  that  the  stopcock  closes  automatically  when  the  end  point 
of  the  titration  is  reached. 

The  apparatus  used  was  similar  to  that  of  Forbes  and  Bartlett,3 
with  the  following  changes.  In  place  of  the  usual  galvanometer, 
a  Weston  No.  30  relay  was  used.  Thus  when  the  change  in 
potential  took  place,  immediate  contact  was  made  in  a  circuit 
having  in  it  a  telegraph  sounder  with  a  narrowed  arm  seven 
inches  in  length  from  fulcrum  to  tip.  This  sounder  arm  tip 
was  connected  to  one  side  of  the  burette  stopcock  tip  by  means 
of  a  piece  of  fine  chain.  Final  connection  was  made  to  the 
stopcock  tip  by  a  small  brass  cap  cemented  on  with  sealing  wax. 
Such  a  device  closed  the  stopcock,  and  a  similar  sounder  was 
adjusted  to  the  other  extremity  of  the  stopcock  so  that  the  latter 
would  be  opened  by  it.  Thus,  at  the  initial  potential  in  the  solu- 
tion to  be  titrated,  the  arm  of  the  Weston  instrument  completed 
a  circuit  which  opened  the  burette  stopcock,  and  at  the  end  point 

1  Ostwald,  Luther,  3d  ed.,  p.  453. 
3  J.  Am.  Chem.  Soc,  Vol.  35,  p.  846. 
8  Ibid,  35,  p.  1527. 
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the  change  in  potential  caused  the  needle  to  swing  a  few  hun- 
dredths of  an  inch,  open  the  above  circuit,  and  close  the  circuit 
containing  the  sounder  which  caused  the  stopcock  to  close.  That 
is,  the  change  in  potential  at  the  end  point  can  be  caused  to  close 
the  burette  stopcock  mechanically,  thus  showing  the  first  step  in 
the  accomplishment  of  titrations  by  other  than  manual  operations. 

The  rapid  stirring  necessary  was  accomplished  by  using  the 
elongated  shaft  of  a  cheap  battery  motor.  This  shaft  was  heavily 
platinum  plated,  and  tipped  with  a  deeply  nicked  disc  of  sheet 
platinum.  This  platinum  formed  the  oxygen  electrode.  An  ord- 
inary form  of  calomel  electrode  was  used.  This  latter,  the  wire 
bridge  and  burette  used  deserve  no  further  comment.  The  gal- 
vanometer used  was  a  rewound  stock  Weston  No.  30  relay. 

The  procedure  was  to  set  the  beaker  containing  the  bichromate 
in  place,  close  the  stirring  motor  circuit,  and  then  close  the  switch 
controlling  the  two  sounders.  The  burette  would  then  deliver 
until  the  end  point  was  reached,  when,  due  to  the  potential 
change,  the  stopcock  would  be  closed  by  the  second  sounder. 
These  two  sounders  were  actuated  by  the  delicate  Weston  instru- 
ment mentioned  above. 

Conditions:  20.00  cc.  K2Cr207  +  10  cc.  H2S04,  Sp.  G.  1.84, 
-f-  about  125  cc.  HoO  in  beaker.  FeS04  sol.  in  burette.  1  cc. 
of  each  sol.  =  about  0.01  £.  Fe. 


Data. 


Cc.  Fe2  so] 

.  adde 

d  automatically. 

19.68 

19.62 

19-50 

I9./I 

19.71 

19-59 

19.79 
19.70 
19.40 
19.67 

19.55 
19.64 
19.66 
19.66 

Spot  plate 

check, 

done 

manually. 

Ferrous  Solution 
taken 

Bichromate  Solution 
added 

19-50 
19.50 

1984 
19.80 

20.00 

20.39 

In  short,  solutions  of  Cr6,  or  solutions  of  Fe2  to  which  known 
excess  of  Cr"  had  been  added,  may  be  titrated  entirely  mechan- 
ically, the  only  manual  movements  being  the  throwing  of  one 
or  two  switches. 
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The  author  proposes  to  apply  this  apparatus  to  the  automatic 
titration  of  iron  after  the  direct  procedure  of  Hildebrand  (/.  c.) 
and  to  the  titration  of  zinc  by  ferrocyanid. 

Private  Laboratory, 
Brookline,  Mass. 


DISCUSSION'. 

C7.  A.  Roush  :  In  the  last  number  of  the  Journal  of  the  Ameri- 
can Chemical  Society,  Vol.  36.  No.  9,  is  given  a  report  of  Van 
Suchtellen  and  Itano,  who  have  carried  on  still  further  experi- 
ments in  this  same  sort  of  work.  They  have  not  gone  so  far 
in  the  matter  as  to  make  the  titrations  automatic,  but  they  have 
extended  the  knowledge  of  the  voltage  changes  in  titrations  to 
various  other  combinations. 

From  the  combined  results  of  Ziegel  with  these  other  two  men, 
it  begins  to  look  as  though  it  may  be  possible  to  cut  down  the 
amount  of  work  involved  in  the  routine  analytical  work  in  such 
places  as  iron  and  steel  laboratories. 

YVarren  F.  BeeECker  :  The  actual  labor  in  titrating-  is  about 
negligible  compared  with  the  labor  in  preparing  the  sample  and 
getting  ready  for  titration.  Any  saving  you  would  make  in  time 
and  labor  would  be  more  than  offset  by  possible  inaccuracies  in 
the  reading. 

Something  about  as  serious  as  this,  which  I  developed  about 
twenty  years  back,  is  titrating  a  solution  of  permanganate  and 
passing  a  ray  of  light  through  a  selenium  cell.  These  things 
seem  to  be  more  or  less  academic,  and  I  do  not  believe  you  will 
find  a  widespread  field  for  them  in  commercial  laboratories. 

F.  A.  Lidp.ury  :  I  entirely  disagree  with  Mr.  Bleecker's  sug- 
gestion that  this  kind  of  work  is  of  little  practical  importance. 
It  is  necessary  to  realize,  of  course,  that  no  one  wants  to  sub- 
stitute electrometric  titration  for  ordinary  titration,  in  cases  where 
the  latter  is  a  perfectly  satisfactory  procedure,  but  there  are 
certain  classes  of  work  in  which  electrometric  titration  has  con- 
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siderable  advantages  over  titration  with  colored  indicators,  and 
there  are  some  cases  in  which  it  is  the  only  thing  that  can  be 
used  with  satisfactory  results. 

For  instance,  in  the  titration  of  small  amounts  of  chloride  in 
water  it  is  extremely  difficult  to  get  any  kind  of  satisfactory  results 
with  the  chromate  indicator,  but  it  is  very  easy  to  get  an  accurate, 
sharp  endpoint  by  using  a  silver  electrode  as  an  indicator. 

There  is  this  peculiarity  about  electrometric  titration,  that  the 
curve  of  voltage  against  a  number  of  cc.  used  rises  (or  falls) 
with  increasing  rapidity  as  the  endpoint  is  reached.  In  the 
neighborhood  of  the  endpoint  the  change  in  voltage  for  each 
drop  added  becomes  very  considerable.  This  is  the  reason  for 
the  extreme  sensitiveness  of  the  electrometer  as  an  indicator. 
At  the  same  time  it  is  rather  difficult  to  carry  out  the  titration 
manually,  as  you  do  not  have  the  colored  warning  of  the  ap- 
proaching endpoint  and  it  is  consequently  very  easy  to  over-shoot. 
The  mechanical  methods  of  stopping  the  titration  at  a  predeter- 
mined voltage  endpoint,  which  is  described  in  this  paper,  gets 
rid  of  that  difficulty  entirely,  and  seems  to  me  to  form  a  distinct 
step  forward  in  the  ease  of  application  of  electrometric  titration. 

W.  R.  Whitney:  If  you  add  the  measurement  of  the  elec- 
trical resistance  to  this  scheme  of  measuring  electromotive  force, 
you  have  quite  a  group  of  possible  electrical  titrations.  Take  acid 
and  alkali  titrations,  for  example,  since  your  acid  represents  your 
highest,  and  the  neutral  salt  the  lowest,  in  many  cases  when  you 
have  acid  or  alkali  in  a  solution  which  is  highly  colored  or  carries 
much  suspended  matter,  which  prevents  using  ordinary  indicators, 
then  the  electrical  resistance  changes  may  be  used  as  a  means 
of  determining  the  neutral  point  in  the  tiration.  As  you  add 
alkali,  the  resistance  of  the  solution  falls  off,  and  when  it  passes 
the  neutral  point,  it  begins  to  increase. 

W.  Lash  Miller:  I  think  Mr.  Ziegel  has  chosen  a  very  good 
instance  for  the  application  of  his  method ;  especially  since  the 
analytical  procedure  he  proposes  to  replace  is  one  of  the  slow 
and  troublesome  volumetric  analyses  with  external  indicators  or 
"dab  analyses."  From  the  data,  moreover,  it  appears  that  Mr. 
Ziegel  obtained  much  more  concordant  results  with  his  machine 
than  he  did  when  working  in  the  usual  way. 
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Jos.  W.  Richards  :  I  would  like  to  criticize  Mr.  Bleecker's 
statement  that  because  the  analysis  consists  of  a  number  of 
different  parts,  it  is  not  worth  while  to  bother  much  about  im- 
proving the  titration.  If  you  apply  that  principle  to  the  titration, 
you  could  apply  it  to  any  proposed  improvement  and  diminish 
its  probable  value.  In  a  large  laboratory  there  is  usually  consider- 
able division  of  labor.  If  you  can  increase  the  accuracy  of  the 
titration  process  and  decrease  the  time  required,  you  are  directly 
decreasing  at  least  one  man's  work  in  that  proportion. 

Warren  F.  Bleeker  :  I  am  willing  to  admit  that  the  method 
is  accurate  and  it  is  perfectly  feasible  to  use  it ;  but  I  think  the 
objection  to  it  is  the  fundamental  prejudice  against  a  complicated 
electrical  device  in  the  laboratory,  where  you  cannot  afford  expert 
attention,  and  most  of  our  laboratories  are  conducted  on  that 
basis. 

William  Brady  :  In  regard  to  the  "spot"  titration,  I  would 
say  in  general  that  it  is  not  in  use.  We  use  the  permanganate, 
and  endpoint  is  determined  by  the  flash,  and  very  quickly.  It 
seems  to  me  that  this  process  for  the  titration  of  iron  in  steel 
laboratories  is  not  applicable.  We  looked  it  over,  and  thought  it 
might  be  a  good  thing,  but  finally  decided  it  is  not  equal  to  the 
permanganate  titration  in  regard  to  speed. 

G.  K.  Herzog  :  Did  I  understand  you  to  say  that  this  method 
was  particularly  good  for  small  amounts  of  chlorides? 

F.  A.  Lidbury  :  Yes,  you  use  in  that  case  a  silver  electrode 
and  titrate  against  silver  solution. 

G.  K.  Herzog  :  The  St.  Lawrence  River  Power  Co.,  of 
Massena,  X.  Y.,  recently  tested  a  number  of  large  turbines  by 
the  chemical  method  as  described  by  Mr.  B.  F.  Groat,4  under 
whose  direction  the  work  was  done.  It  is  a  well  known  fact  that 
current  meters  are  very  unreliable  for  measuring  the  flow  of  a 
turbulent  stream  such  as  the  tail-race  of  a  large  turbine. 

The  chemical  method  is  much  more  accurate  for  this  purpose. 
It  consists  essentially  of  dosing  the  water  at  some  point  above 
where  it  enters  the  turbine  at  a  certain  definite  rate  with  a 
solution  containing  a  known  number  of  grams  of  some  reagent 
per  liter  and  then  determining  the  number  of  grams  per  liter  of 

4  Pitot  Tube  Formulas,  Proc.  Eng.  Soc.  West.  Pa.,  30,  366-380  (May,  1914). 
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the  reagent  in  the  tail-race  water.     It  is  evident  that  from  these 
values  the  rate  of  flow  can  he  determined. 

In  the  tests  carried  out  at  Massena,  the  reagent  used  was 
sodium  chloride,  over  400  tons  of  this  being  used.  The  amount 
of  salt  in  solution  was  determined  by  titrating  with  centi-normal 
silver  nitrate  solution,  using  potassium  chromate  as  an  indicator. 
Approximately  4,000  samples  of  one-half  liter  each  were  taken. 
These  were  all  evaporated  down  to  10  cc,  necessitating  the  use 
of  three  shifts  of  chemists  working  eight  hours  per  shift  with 
two  men  per  shift.  The  accuracy  obtained  was  within  one-tenth 
of  one  percent.  It  is  quite  evident  that  if  electrometric  titration 
will  give  results  of  equal  accuracy  without  the  necessity  of  such 
an  enormous  amount  of  evaporation,  it  could  be  used  to  advantage 
in  work  of  this  kind. 

F.  C.  Frary  :  It  appears  from  the  paper  that  the  difference 
between  the  machine  and  the  manual  titration  is  rather  large ; 
twenty  cc.  of  the  same  bichromate  solution  requiring  respectively 
19.6  and  20.4  cc.  of  ferrous  sulphate,  a  difference  of  0.8  of  a  cc 
It  would  appear  that  the  machine  shuts  off  the  ferrous  sulphate 
too  soon. 

H.  ZiEGEL:  I  made  three  spot-plate  checks  which  agreed  with- 
in a  few  tenths  of  one  percent  of  the  electrometric  automatic 
titration. 

G.  A.  Roush  :  I  will  admit  what  Mr.  Brady  says  is  true  in 
most  cases,  but  there  are  still  laboratories  which  use  the  bi- 
chromate titration,  although  not  many.  Not  long  ago  I  tried 
to  get  a  blast  furnace  laboratory  to  substitute  the  permanganate 
for  the  bichromate,  but  they  refused  to  do  so. 

In  regard  to  Professor  Frary 's  objection,  since  this  machine 
can  be  set  to  shut  off  the  titration  at  any  desired  voltage  you 
should  be  able  to  adjust  the  operation  to  check  exactly  with  the 
manual  titration. 

H.  Ziegel  (Communicated):  The  author  wishes  to  thank 
Professor  Forbes  for  his  kind  interest  evinced  in  this  work. 
He  is  not  acquainted  with  the  work  of  Van  Suchtellen  and  Itano. 

So  much  pressure  was  brought  to  bear  on  the  author  that  he 
at  one  time  felt  with  one  of  the  speakers  that  any  saving  in  time 
and  labor  would  be  more  than  offset  by  possible  inaccuracies  in 
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the  reading.  (Actually  three  spot-plate  checks  instead  of  six 
were  made  and  these  checks  agreed  within  a  few  parts  per 
thousand  of  the  mean  of  the  electrometric  automatic  titration ) . 
Accuracy  of  0.2  c.c.  is  easily  attainable  even  with  the  crude 
facilities  at  the  author's  command,  and  several  subsequent  titra- 
tions have  been  less  than  o.i  c.c.  apart;  that  is,  any  criticism  of 
the  actual  facts  of  this  titration  even  when  automatic,  as  a 
possible  improvement  would  be  in  the  nature  of  a  chimera. 

The  author  has  made  a  few  experiments  using  bichromate  in 
the  burette  and  ferrous  solution  in  the  beaker.  In  this  case  the 
end  point  is  harder  to  get,  due  to  lack  of  the  "anomalous  rise," 
discovered  by  Forbes  and  Bartlett,  which  gives  rise  at  the  end- 
point  to  a  comparatively  large  change  in  potential. 

The  author  has  completed  his  work  on  this  phase  and  antici- 
pates further  applying  the  hydrogen  electrode  by  causing  current 
changes  in  a  solution  being  titrated  to  record  changes  in  voltage 
on  a  moving  sheet  of  paper  in  such  a  way  that  the  number  of 
c.c.  of  solution  required  for  a  titration  will  be  recorded  perma- 
nently on  a  chart. 

Acknowledging  the  assistance  derived  from  the  work  of  other 
investigators  the  author  hopes  he  has  made  or  indicated  to  some 
chemists  or  superintendents  a  possible  improvement  in  ordinarily 
known  chemical  analvsis. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
2,  J914,  President  F.  A.  Lid'oury  in  the 
Chair. 


ELECTRODEPOSITION  OF  LEAD  FROM  LEAD  ACETATE 
SOLUTIONS 

By  Frank  C.  Mathers. 

Lead  fluosilicate  and  lead  perchlorate  baths  are  the  only  ones 
that  have  been  used  successfully  in  lead  plating.  The  great  dis- 
advantage or  objection  to  them  is  that  they  must  be  made  by 
special  apparatus  and  by  troublesome  methods.  The  actual 
electroplating  with  either  of  them  is  very  easy. 

The  deposits  of  lead  which  were  obtained  by  the  electrolysis 
of  lead  acetate  baths  containing  ammonium  perchlorate  and 
peptone1  were  much  better  than  had  been  obtained  previously 
from  any  lead  salt  of  a  weak  acid.  The  cathodes  were  smooth 
during  the  first  part  of  the  deposition,  but  as  the  thickness  of  the 
deposit  increased  the  cathodes  became  more  and  more  rough.  All 
of  these  deposits  were  brittle.  Cathodes  having  a  thickness  of 
0.5  cm.  on  a  side  were  so  rough  that  they  were  not  saved  as 
samples.  These  baths  lacked  something,  and  the  deposits  were 
not  satisfactory.  This  paper  gives  the  results  with  some  new 
addition  agents  which  produce  the  best  lead  deposits  that  have 
ever  been  obtained  from  the  lead  salt  of  any  weak  acid. 

Manipulation. 
The  experiments  were  made  in  essentially  the  same  manner 
as  has  been  described  previously  in  another  paper.1  Beakers 
of  250  cc.  capacity  were  used  as  electrolyzing  vessels.  The 
volume  of  the  bath  was  200  cc.  in  each  case.  A  cathode  of 
25  sq.  cm.  area  on  a  side  4.2  by  6  cm.  or  5  by  5  cm.  (1.6  by  2.3 
in.  or  1.9  by  1.9  in.)  made  of  thinly  rolled  lead  was  suspended 
from  a  glass  rod  by  two  narrow  strips  of  lead.  Two  anodes  3.5 
by  4  by  0.5  to  1  cm.  (1.3  by  1.5  by  0.19  to  0.4  in.)  were  suspended 
in  each  beaker  by  small  copper  wires  passing  through  a  hole  in 

1  Mathers,   Trans.   Amer.   Electrochem.    Soc,   24,   315    (1913). 
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the  center  of  each  anode.  Each  anode  was  wrapped  in  filter 
paper  to  prevent  anode  slimes  from  reaching  the  cathode.  Unless 
otherwise  stated,  each  bath  contained  10  percent  lead  acetate  and 
4  percent  ammonium  perchlorate  with  varying  amounts  of  acetic 
acid  and  various  addition  agents.  The  current  density  was  0.4 
amp.  per  sq.  dm.    (3.6  amp.  per  sq.  ft.). 

Acetic  Acid  Extracts  of  1'cgctable  Materials  as  Addition  Agents.2 

In  the  former  research,  an  addition  substance  was  prepared 
by  boiling  casein  in  acetic  acid.  The  deposits  obtained  by  addition 
substances  prepared  in  this  way  were  promising,  but  none  was 
satisfactory.  It  was  thought  that  other  organic  materials  when 
treated  in  the  same  way  with  acetic  acid  might  give  satisfactory 
addition  agents.  There  is  no  mention  in  the  literature,  so  far  as 
the  author  has  been  able  to  investigate,  concerning  the  use  of 
addition  substances  prepared  by  boiling  organic  material  in  acetic 
acid.  In  one  book,  the  name  and  author  of  which  has  been  for- 
gotten, there  is  a  statement  that  new  wooden  electroplating  tanks 
produce  an  action  upon  the  metal  deposits.  This  indicates  that 
wood  contains  some  active  addition  substance  which  dissolves  in 
the  electrolyte.  Tannin,  licorice  and  other  water  extracts  of 
vegetable  substances  have  been  used  in  many  instances. 

Poplar  JJ'ood  ( Liriodcndron  Tulipefera,  L.). — Seasoned  poplar 
wood,  either  as  shavings  or  small  splints  or  sawdust,  was  boiled 
with  acetic  acid.  The  solutions  or  extracts  thus  obtained  were 
of  a  yellow  color,  being  darker  the  longer  the  extraction  or 
boiling  was  continued  and  the  more  concentrated  the  acetic  acid. 
This  extract  produced  a  yellow  or  brown  precipitate  when  it  was 
added  to  the  lead  acetate  bath.  This  precipitate  was  filtered  out 
in  most  cases,  the  filtrate  being  the  finished  bath  ready  for  elec- 
trolysis. These  baths  had  a  nice  yellow  color  and  the  odor  of 
poplar  wood.  Under  the  best  conditions  for  preparing  the  addi- 
tion substance,  the  deposits  were  excellent.  Samples  of  cathodes 
obtained  by  the  use  of  extracts  prepared  in  various  ways  are 
shown  in  Fig.  1.  The  specific  gravity  of  the  lead  in  one  of  the 
best  cathodes  was  11.27,  as  compared  with  11.37  f°r  Pure  lead- 

The  heating  with  the  acetic  acid  was  done  in  an  apparatus 

-  Mr.   G.   W.    Gates   assisted   in   this   part   of  the   work. 
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consisting  of  a  flask  and  a  reflux  condenser  which  fitted  into  the 
neck  of  the  flask,  so  that  no  rubber,  cork  or  grease  was  used, 
i.  Ten  grams  of  the  yellow  heart  wood  of  poplar  in  small 
split  pieces  was  boiled  for  17  days  in  60  cc.  of  33  percent  acetic 
acid.  The  pieces  of  wood  did  not  dissolve,  but  they  became  dark 
in  color  and  soft.  It  is  probable  that  a  large  amount  of  the  water 
had  distilled  out  of  the  apparatus  and  that  very  concentrated  acid 
was  present  during  the  latter  part  of  the  extraction.  When  water 
was  added  to  rinse  out  the  flask,  a  precipitate  was  formed.  The 
deposit  of  lead  was  very  good,  being  solid,  smooth  and  of  a  fine 
metallic  color. 

2.  Ten  grams  of  the  yellow  heart  wood  of  poplar  was  boiled 
for  42  hours  with  40  cc.  of  50  percent  acetic  acid.  The  deposit 
was  hard,  firm  and  very  free  from  crystals.  The  cathode  showed 
peculiar  vertical  ridges  which  ended  in  drop-like  masses  of  metal 
at  the  bottom  of  the  cathode.  This  indicated  that  too  much  addi- 
tion substance  was  present.  The  bath  was  diluted  with  lead 
acetate  and  ammonium  perchlorate  solution  until  the  volume  was 
400  cc.  The  deposits  from  this  bath  were  very  smooth  and  did 
not  show  any  of  the  striations  or  vertical  ridges. 

3.  The  residue  of  wood  from  experiment  2  was  boiled  for 
102  hours  with  40  cc.  of  50  percent  acetic  acid.  The  deposit 
was  a  little  rough  in  places  and  not  as  good  as  in  experiment  2. 

4.  The  residue  from  experiment  3  was  again  boiled  with  40 
cc.  of  50  percent  acetic  acid.  The  deposit  was  not  good,  being 
rough  and  brittle,  but  no  trees  or  long,  loose  crystals  formed. 

5.  The  addition  substance  was  prepared  as  in  experiment  2, 
except  that  the  sap  wood  of  the  poplar  was  used  instead  of  the 
yellow  heart  wood.  The  time  of  boiling  was  for  114  hours.  The 
deposit  was  solid  and  finely  crystalline,  but  slightly  rough.  The 
sap  wood  seemed  not  to  give  as  good  a  deposit  as  the  heart  wood. 

6.  Five  grams  of  the  heart  wood  of  poplar  was  placed  in  a 
filter  paper  extraction  thimble  which  was  suspended  by  a  glass 
rod  in  an  apparatus  similar  to  a  Wiley  extractor.  Fifty  grams  of 
glacial  acetic  acid  was  used,  and  the  extraction  was  continued 
for  46  hours.  There  seemed  to  be  some  decomposition  during  the 
boiling,  since  there  was  a  separation  of  solid  material  upon  the 
flask  during  the  extraction.  The  acetic  acid  extract  was  trans- 
ferred  to   a   flask   and   distilled   to   near   dryness   under   reduced 
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pressure.     Water  was  added  and  the  material  was  added  to  the 
bath.     The  deposit  was  finely  crystalline  but  rough. 

7.  A  second  extraction  of  the  residue  from  experiment  6  for 
70  hours  gave  a  still  rougher  deposit  than  in  experiment  6. 

8.  Poplar  wood  was  extracted  as  in  experiment  6,  but  for 
only  one  hour.  The  deposit  was  firm  and  a  little  rough,  but  better 
than  in  experiment  6. 

9.  The  addition  agent  obtained  by  treating  5  g.  of  the 
heart  wood  of  poplar  with  dilute  acetic  acid  gave  in  every  case  a 
deposit  having  a  peculiar  rough  surface.  This  characteristic 
deposit  seemed  to  be  independent  of  the  time  or  temperature  of 
the  extraction,  as  can  be  seen  from  the  following  experiments 
which  show  the  variations  of  conditions. 

a.  Five-gram  portions  of  the  poplar  wood  were  boiled  for 
2  hours,  for  15  minutes  and  for  2  minutes,  respectively,  in  100 
cc.  of  5  percent  acetic  acid. 

b.  The  wood  and  the  ioo  cc.  of  5  percent  acetic  acid  remained 
together  at  room  temperature  for  46  hours. 

c.  The  wood  was  moistened  with  5  cc.  of  glacial  acetic  acid, 
and  warmed  for  one  minute  in  a  water  bath.  Ninety-five  cc.  of 
water  was  added.  The  mixture  was  stirred,  filtered,  and  the 
extract  was  used. 

d.  The  wood  was  treated  as  in  experiment  c,  except  that  the 
wood  was  moistened  with  10  cc.  of  50  percent  acetic  acid  and 
90  cc.  of  water  was  added. 

e.  The  wood  was  treated  as  in  experiment  d,  except  that  the 
mixture,  after  being  moistened  with  the  10  cc.  of  50  percent  acetic 
acid  was  allowed  to  stand  46  hours  before  the  water  was  added. 

In  all  of  these  cases  the  deposits  had  the  peculiar  rough  sur- 
faces. If  a  new  cathode  was  placed  in  the  bath  after  electrolysis 
for  a  day,  a  better  but  still  a  rough  deposit  was  obtained.  The 
general  appearance  of  these  second  deposits  or  cathodes  seemed 
to  show  a  deficiency  of  addition  agent. 

10.  Five  grams  of  poplar  wood  was  boiled  in  50  cc.  of  40 
percent  acetic  acid  for  19  hours.  This  extract  was  added  to  a 
bath  containing  the  10  percent  lead  acetate  but  no  ammonium  per- 
chlorate  or  other  salt.  The  deposit  was  striated,  with  loose  trees 
or  projections  on  both  the  top  and  bottom.  The  addition  of 
5  percent  ammonium  acetate  caused  the  deposit  to  become  firm 
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but  crystalline,   consequently  a  thick  cathode  would  have  been 
very  rough. 

11.  Wood  extract  prepared  exactly  as  in  experiment  10  was 
evaporated  to  dryness  under  reduced  pressure  in  order  to  remove 
all  the  acetic  acid.  This  residue  was  taken  up  in  water  as  com- 
pletely as  possible  and  added  to  a  bath  containing  the  lead  acetate 
and  ammonium  perchlorate  but  no  acetic  acid.  The  deposit  was 
solid  and  firm  but  crystalline,  consequently  a  thick  cathode  would 
have  become  rough. 

12.  Five  grams  of  sawdust  of  poplar  wood  was  boiled  in  ioo 
cc.  of  water  for  10  hours.  This  extract  was  added  to  a  bath 
containing  lead  acetate,  ammonium  perchlorate  and  2.5  percent 
acetic  acid.  The  deposit  was  crystalline,  but  was  very  smooth 
and  firm. 

Pine  Wood.3 — 13.  Five  grams  of  pine  wood  in  small  splints 
was  boiled  in  50  cc.  of  water  for  74  hours.  The  final  bath  had  a 
pale  yellow  color.  The  lead  deposit  was  dark  and  spongy.  A 
similar  experiment  in  which  2.5  percent  of  acetic  acid  was  added 
to  the  bath  gave  a  deposit  which  was  rough,  being  covered  with 
projecting  crystals.  The  deposit  seemed  to  be  very  good  for 
the  first  few  hours. 

14.  Five  grams  of  pine  wood  was  boiled  with  25  cc.  of 
glacial  acetic  acid  for  74  hours.  A  brick-red  precipitate  was 
formed  when  this  extract  was  added  to  the  bath.  The  cathode 
was  smooth  in  the  center,  but  fine,  thread-  or  hair-like  growths 
formed  on  the  edges.  This  cathode  was  very  different  from  the 
deposit  obtained  with  poplar  wood  under  similar  conditions. 

15.  The  residue  of  pine  wood  from  experiment  14  was  boiled 
in  40  cc.  of  50  percent  acetic  acid  for  312  hours.  The  deposit 
was  very  rough  and  brittle. 

Linden  Wood  (Tilia  americana) . — 16.  Five  grams  of  the  saw- 
dust of  linden  wood  was  extracted  in  a  form  of  Wiley  extractor 
with  50  cc.  of  glacial  acetic  acid  for  46  hours.  The  extract  thus 
obtained  was  evaporated  to  dryness  under  reduced  pressure.  Five 
cc.  of  acetic  acid  was  added  to  dissolve  the  residue  of  extract  in 
the  flask.  The  solution  thus  obtained  was  introduced  into  the 
lead  bath.  The  deposit  was  firm  but  rough  and  not  as  good  as 
when  the  extract  from  poplar  wood  was  used. 

3  The   species   of  pine   is   not  known. 
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Black  Oak  Wood  (Quercus  nigra] . — 17.  Five  grams  of  the 
sawdust  from  black  oak  was  extracted  for  3.5  hours  with  50  cc. 
of  glacial  acetic  acid  in  a  form  of  Wiley  extractor.  The  extract 
was  distilled  to  dryness  under  reduced  pressure,  and  then  taken 
up  in  5  cc  of  glacial  acetic  acid.  The  deposit  was  as  good  as 
when  the  extract  from  poplar  was  used. 

18.  The  residue  of  sawdust  remaining  from  experiment  17 
was  extracted  again  as  in  that  experiment.  The  deposit  was 
rougher  and  not  as  good  as  was  obtained  by  the  first  extraction. 

Black  Walnut  JVood  (Juglans  nigra). — 19.  Addition  agents 
prepared  bv  extracting  black  walnut  wood  produced  as  good 
deposits  as  those  from  poplar. 

Tannin. — 20.  Five  grams  of  tannin  was  boiled  in  10  cc.  of 
glacial  acetic  acid  for  168  hours.  A  very  heavy  precipitate  was 
produced  when  this  mixture  was  added  to  the  lead  bath.  Twenty 
grams  more  of  lead  acetate  was  added  to  replace  that  lost  in  the 
precipitate.  The  deposit  was  spongy.  This  shows  that  the  active 
substance  extracted  from  wood  is  not  tannin. 

Oil  of  Sassafras. — 21.  Five  grams  of  oil  of  sassafras  was 
boiled  with  25  cc.  of  glacial  acetic  acid  for  46  hours.  The  solu- 
tion was  then  evaporated  nearly  to  dryness  under  reduced  pres- 
sure, and  5  cc.  of  acetic  acid  was  added  to  take  up  the  residue. 
The  deposit  consisted  of  very  loose  crystalline  leaves,  and,  on 
the  whole,  was  not  much  different  from  deposits  where  no  addi- 
tion substances  had  been  used. 

Essential  oils  had  been  found  to  be  of  little  use  in  lead  acetate 
baths,  but  it  was  thought  that  the  boiling  with  acetic  acid  might 
in  some  way  effect  a  change  in  the  oil.  This  experiment  is  taken 
to  show  that  the  beneficial  action  of  the  acetic  acid  extracts  from 
woods  is  not  due  to  essential  oils. 

Leaves. — 22.  Ten  grams  of  green  leaves  from  a  beech  (Fagus 
amcricana)  tree  was  boiled  for  several  hours  in  a  bath  containing 
2.5  percent  acetic  acid.  After  filtering,  the  bath  was  electrolyzed. 
The  deposit  was  dark  and  spongy. 

Licorice. — 23.  One  gram  of  dried  licorice  extract  was  dis- 
solved in  water  and  added  to  a  bath  containing  2.5  percent  acetic 
acid.  A  heavy  precipitate  was  formed,  which  was  filtered  out. 
The  deposit  was  rough,  and  finally  became  spongy  in  spots. 
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24.  Licorice  root  or  the  dried  extract  boiled  with  50  percent 
of  glacial  acetic  acid  gave  addition  substances  which  produced 
coarsely  crystalline  deposits. 

Pyrogallol. — 25.  One  percent  of  pyrogallol  in  a  bath  contain- 
ing 5  percent  acetic  acid  gave  a  cathode  which  was  smooth  in 
places  but  covered  with  light,  feathery  crystals  in  other  places. 
There  was  a  heavy  precipitate  in  the  bottom  of  the  beaker,  due  to 
a  reaction  between  the  lead  acetate  and  the  pyrogallol.  The  deposit 
finally  became  spongy. 

Extracts  from  Aloes  as  Addition  Agents 

Two  and  five-tenths  grams  each  of  Socotrine  aloes,  Barbadoes 
aloes,  gum  Guaiac  and  gum  Catechu  were  separately  boiled  in  20 
cc.  of  glacial  acetic  acid  for  16  hours.  The  extracts  were 
evaporated  to  dryness  under  reduced  pressure,  and  then  the 
residues  of  the  extracts  were  redissolved  in  5  cc.  of  acetic  acid, 
respectively.  These  extracts  were  used  in  the  baths.  The  de- 
posits in  the  cases  of  the  Catechu  and  Guaiac  were  rough,  with 
loose  projecting  crystals.  The  deposits  obtained  with  the  aloes 
were  excellent.  Experiments  with  extracts  from  wood  and  other 
organic  materials  were  discontinued  because  the  aloes  was  a  very 
cheap  material  from  which  the  addition  agent  could  be  prepared 
very  easily. 

Aloes  has  been  tried  as  addition  agent  in  perchlorate  baths.4 
The  photographs  of  these  cathodes  show  that  firm,  smooth  rods 
or  clubs  of  metal  were  formed  upon  the  cathodes.  Except  for 
these  projections,  the  deposits  were  very  smooth  and  finely  crys- 
talline. These  peculiar  deposits  may  have  been  caused  by  a 
precipitate  in  the  bath.  The  deposits  from  acetate  baths,  with 
aloes  as  addition  agent,  never  showed  any  of  these  peculiarities, 
although  precipitates  were  often  present. 

Aloes  is  the  inspissated  or  thickened  juice  which  has  exuded 
or  been  pressed  from  the  leaf  of  various  species  of  aloes.  Barba- 
does, Curacao  and  Socotrine  are  the  names  given  to  the  aloes 
obtained  from  different  regions.  The  plants  from  which  these 
aloes  are  obtained  belong  to  different  species,  but  the  chemical 
substances  in  the  different  aloes  are  very  closely  related.     The 

4  Mathers   and    Overman,   Trans.    Amer.    Electrochem.    Soc,   21,    327    (1912). 
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active  principle  is  aloin,  which  is  used  medicinally  as  a  purgative. 
The  prices  of  aloes  as  given  in  drug  lists  are  from  ten  to  twenty 
cents  per  pound. 

26.  Five  baths,  each  containing  2.5  percent  of  acetic  acid, 
were  treated  with  0.4,  0.3,  0.2,  0.1  and  0.05  g.,  respectively,  of 
Socotrine  aloes.  The  baths  were  then  warmed  for  an  hour  on 
the  hot  plate,  and  any  undissolved  aloes  was  filtered  out.  The 
deposit  from  the  bath  containing  0.4  g.  aloes  was  the  best, 
although  it  was  rough  and  nodular.  The  cathodes  were  poorer 
the  smaller  the  amount  of  aloes,  until  with  0.05  g.  loose,  flaky 
crystals  formed  upon  the  edges.  The  use  of  5  percent  of  acetic 
acid  in  a  similar  series  of  baths  greatly  improved  the  deposits. 

41.  A  few  of  the  above  experiments  were  duplicated,  except 
that  the  mixtures  were  heated  for  several  hours  instead  of  one 
hour.  The  deposits  were  smoother  and  better  than  in  the  above 
experiments. 

44.  One  gram  of  Socotrine  aloes  and  2.5  percent  of  acetic 
acid  were  added  to  a  bath,  which  was  then  heated  for  several 
hours.  The  deposit  was  excellent,  being  finely  crystalline  and 
free  from  loose  projections.  The  cathode  was  slightly  nodular. 
The  increase  of  the  acetic  acid  to  5  percent  in  a  similar  bath  did 
not  seem  to  improve  the  deposit  in  any  way. 

46.  The  use  of  Barbadoes  aloes  in  place  of  Socotrine  aloes  in 
a  series  of  experiments  similar  to  those  described  in  26  produced 
sightly  better  deposits.  This  improvement  was  more  marked 
in  the  experiment  using  0.5  g.  of  the  aloes. 

After  these  baths  had  been  electrolyzed  for  a  long  time  the 
deposits  became  rough  and,  finally,  spongy.  Baths,  after  con- 
tinuous electrolysis  for  a  month,  were  neutral  to  litmus.  The 
deposits  did  not  become  good  even  after  the  addition  of  15  cc. 
of  acetic  acid.  One  gram  of  Barbadoes  (or  Socotrine)  aloes 
was  added  to  each  bath,  and  the  baths  warmed  for  several  hours 
and  filtered.  The  deposits  were  as  good  as  when  the  baths 
were  new. 

47.  Four-tenths  gram  of  pure  aloin,  the  active  material  in 
aloes,  was  used  in  a  bath  containing  2.5  percent  acetic  acid.  The 
aloin  dissolved  completely  upon  warming  the  bath,  and  filtration 
was  not  necessary  as  in  the  cases  where  the  crude  aloes  was  used. 
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The  deposit  was  not  as  smooth  and  free  from  roughness  as  when 
the  crude  aloes  was  used. 

48.  Ten  grams  of  Barbadoes  aloes  was  extracted  with  water 
in  a  Soxlet  extractor.  One-tenth  of  the  extract  thus  obtained, 
equivalent  to  one  gram  of  the  aloes,  gave  a  deposit  which  was 
about  equal  to  that  obtained  when  the  pure  aloin  was  used.  The 
bath  contained  2.5  percent  acetic  acid. 

49.  A  brown  tarry  gum  separated  upon  the  sides  of  the  Soxlet 
flask  during  the  extraction  in  experiment  48.  This  gum  was 
dissolved  in  5  cc.  acetic  acid  and  added  to  a  bath.  The  bath  thus 
prepared  was  electrolyzed  without  removal  of  the  precipitate. 
The  deposit  was  smooth,  very  free  from  nodules,  and  the  best 
that  had  been  obtained  yet. 

50.  Ten  grams  of  Barbadoes  aloes  was  extracted  with  alcohol 
in  a  Soxlet  extractor.  The  extract  was  a  beautiful  wine-red  color, 
but  it  soon  darkened  in  the  flask.  This  extract  was  treated  with 
water  and  evaporated  until  the  alcohol  was  removed.  A  quantity 
of  this  water  solution  equal  to  one  gram  of  the  aloes  was  added 
to  a  bath  containing  2.5  percent  acetic  acid.  The  deposit  was 
about  like  that  obtained  by  extraction  with  water  as  described  in 
experiment  48. 

51.  The  gum  or  tarry  matter  that  precipitated  from  the  alcohol 
extract  when  water  was  added  and  the  mixture  boiled,  in  experi- 
ment 50,  was  dissolved  in  5  cc.  acetic  acid  and  added  to  a  bath. 
The  deposit  was  excellent,  being  smooth,  finely  crystalline  and 
free  from  all  loose  projections. 

52.  Ten  grams  of  Barbadoes  aloes  was  shaken  with  warm 
water  in  a  250  cc.  graduated  flask  until  the  soluble  material  had 
dissolved.  The  volume  was  then  made  up  to  the  mark.  This 
solution  was  allowed  to  stand  over  night  so  that  the  gum  or 
tarry  matter  would  settle.  The  clear  solution  thus  obtained  pro- 
duced no  precipitate  when  it  was  added  to  a  lead  bath  containing 
2.5  percent  of  acetic  acid.  The  addition  substance  prepared  in 
this  simple  manner  gave  as  good  results  as  when  made  by  more 
elaborate  methods. 

53.  The  Barbadoes  aloes  was  boiled  with  water  for  21  hours. 
This  boiling  did  not  seem  to  change  the  addition  substance  in 
any  way,  since  the  cathode  was  not  different  from  the  one  obtained 
in  experiment  52. 
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54.  Socotrine  aloes  was  boiled  with  water  for  19  hours.  The 
cathode  deposit  did  not  differ  materially  from  the  ones  obtained 
by  the  use  of  the  Barbadoes  aloes  in  52  and  53. 

55.  The  insoluble  tarry  matter  that  adhered  to  the  flasks  in 
experiments  52,  53  and  54  was  dissolved  in  acetic  acid  and  used 
as  addition  agent.  With  the  tarry  matter  obtained  from  2.5 
grams  of  the  Barbadoes  or  Socotrine  aloes  and  2.5  percent  acetic 
acid  the  baths  gave  excellent  deposits.  The  baths  were  not 
filtered  before  electrolysis. 

56.  If  baths  like  those  described  in  55  were  filtered  before 
electrolysis,  the  deposits  became  rough  after  a  short  time.  This 
was  taken  to  mean  that  the  precipitate  of  the  aloes  residue  in 
the  bath  gradually  dissolved  during  the  course  of  the  electrolysis 
and  that  this  precipitate  contained  the  important  addition  sub- 
stance. 

The  following  table  shows  the  effect  of  varying  the  concentra- 
tion of  the  bath.  A  current  density  of  0.8  amp.  per  sq.  dm.  (7.2 
amp.  per  sq.  ft.)  was  used.  The  addition  substance  was  prepared 
by  dissolving  a  quantity  of  the  aloes  in  warm  water.  The  clear 
liquid,  after  the  tarry  matter  had  settled,  was  used. 

Description  of  Deposit 

Much  rougher  than  with 
lower  current  density. 

Smoother  than  with  less 
ammonium  perchlorate. 

No  better  than  when  less 
lead  was  used. 

Loose,    projecting    crys- 
tals on  the  edges. 

Dark,    spongy   and   non- 
adherent. 

The  results  given  in  this  table  show  that  the  presence  of 
ammonium  perchlorate  is  very  important  and  that  the  use  of 
8  percent  instead  of  4  greatly  improves  the  deposit.  Any  increase 
in  the  amount  of  lead  acetate  above  10  percent  is  of  no  import- 
ance. With  neither  free  acid  nor  ammonium  perchlorate  the 
deposit  was  very  spongy.  With  lower  current  densities  these 
variations  in  concentration  are  of  less  apparent  effect. 


Volts 

Percent 

Lead 
Acetate 

Percent 
Ammonium 
Perchlorate 

Percent 
Acetic 
Acid 

Percent 
Aloes 

57 

0-39 

10 

4 

2-5 

i-5 

58 

O.28 

10 

8 

2-5 

i-5 

59 

O.44 

20 

4 

2-5 

i-5 

60 

1.8 

IO 

0 

2-5 

2.0 

61 

10 

0 

O 

05 
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Substitutes  for  Ammonium  Perchlorate. — Ammonium  per- 
chlorate  is  a  more  expensive  salt  than  numbers  of  others.  The 
necessary  restriction  of  salts  for  use  in  these  baths  to  those  that 
form  soluble  lead  compounds  leaves  only  a  comparatively  few 
salts.  These  experiments  were  tried  upon  baths  containing  10 
percent  lead  acetate,-  2.5  percent  acetic  acid  and  0.5  percent  of 
Barbadoes  aloes,  as  a  clear  water  extract. 

62.  Whenever  the  bath  contained  only  lead  acetate,  addition 
substance  and  acetic  acid,  the  cathodes  had  loose  projecting 
crystals  or  trees  upon  the  edges  and  on  the  sides  of  the  cathodes 
where  the  current  density  was  a  little  high.  At  other  places  the 
deposits  were  smooth  and  of  apparently  good  quality. 

63.  The  use  of  2  percent  potassium  perchlorate  gave  a  fair 
deposit,  but  one  that  showed  too  many  rough  projecting  crystals. 
A  thick,  smooth  deposit  could  not  have  been  obtained.  The 
difficulty  was  perhaps  due  to  the  low  concentration  of  potassium 
perchlorate,  which  is  too  insoluble  to  form  a  4  percent  .solution. 

64.  Four  percent  sodium  perchlorate  did  not  give  as  good  a 
deposit  as.  the  ammonium  perchlorate,  but  there  was  very  little 
difference  between  the  two.  The  conclusion  must  be  drawn  that 
the  ammonium  ion  assists  slightly  in  some  way  in  improving 
the  deposit. 

65.  Four  percent  of  ammonium  acetate  gave  a  fair  deposit. 
There  was  a  great  tendency  for  the  cathode  to  become  rough. 
This  bath  can  be  used  with  good  results  for  ordinary  plating 
operations  where  only  very  thin  deposits  are  desired.  Samples 
of  thin  plates  of  lead  from  this  bath  have  a  nice,  bright  crystal- 
line appearance.  At  0.8  amp.  per  sq.  dm.  this  bath  did  not  give 
a  good  cathode  even  when  the  deposit  was  very  thin. 

66  and  67.  Four  percent  potassium  chlorate  and  4  percent 
sodium  nitrate  separately  gave  baths  from  which  excellent  de- 
posits were  obtained.  These  deposits  were  equal  m  every  way  to 
any  that  were  obtained  during  this  work.  These  cathodes  dis- 
prove the  older  idea  that  solid,  smooth  deposits  of  lead  cannot 
be  obtained  from  oxidizing  solutions.  Unfortunately  these  baths 
are  so  unstable  that  after  a  time  good  deposits  can  no  longer  be 
obtained.  The  subject  of  plating  from  lead  nitrate  baths  will  be 
fully  treated  in  another  paper  in  these  Transactions. 

68.     Four  percent  ammonium   fluoborate  gave  a  fair  deposit 
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which  was  very  crystalline.  The  bath  became  poor  in  lead  be- 
cause the  anode  did  not  dissolve  well  in  the  bath,  and  consequently 
the  upper  portion  of  the  cathode  was  spongy.  This  insolubility 
of  the  anode  was  caused  perhaps  by  the  decomposition  of  the 
ammonium  fluoborate,  whereby  lead  fluoride  formed  upon  the 
anode  as  an  insoluble  non-conducting  cover. 

69.  Sodium  fluosilicate  is  too  insoluble  to  make  a  4  percent 
solution.  The  bath  was  saturated  with  the  sodium  fluosilicate, 
and  5  percent  of  acetic  acid  was  used  in  order  to  prevent  as  much 
as  possible  the  decomposition  of  the  fluosilicic  acid  radicle. 
Nevertheless,  the  anode  became  covered  with  a  grey  adherent 
slime,  and  a  bulky  precipitate  formed  in  the  bath.  A  deficiency 
in  lead  was  shown  by  the  black  spongy  deposit  on  the  top  of 
the  cathode.  Ten  percent  more  lead  acetate  was  added.  The 
deposit  was  no  longer  black  or  spongy,  but  became  crystalline 
and  rough.  It  seemed  impossible  to  make  use  of  these  complex 
fluorides  on  account  of  their  instability. 

70.  Four  percent  ammonium  ethylsulphate  gave  a  finely  crys- 
talline deposit  which  was  a  little  rough  but  firm. 

An  examination  of  these  cathodes  shows  that  the  best  addition 
substance  is  the  tarry  wax  or  gum  that  remains  insoluble  when 
aloes  is  extracted  with  water.  The  water-soluble  matter  from 
aloes  and  the  pure  aloin  itself  have  excellent  beneficial  action 
when  used  as  addition  substances,  but  this  insoluble  residue  sur- 
passes all  of  them.  Some  samples  of  the  insoluble  residues 
remaining  after  the  extraction  of  Curacao  aloes  in  the  commercial 
manufacture  of  aloin  have  been  obtained  through  the  kindness  of 
the  New  York  Quinine  and  Chemical  Company  and  of  Sharp  and 
Dohme  of  Baltimore.  A  few  experiments  have  shown  that  these 
residues,  which  are  available  in  large  amounts,  are  as  beneficial 
addition  agents  as  the  residues  obtained  from  Barbadoes  aloes 
on  the  small  scale  laboratory  experiments.  More  extended  experi- 
ments are  being  made  with  these  residues,  consequently  they  need 
not  be  discussed  more  in  this  paper. 

Discussion  and  Summary. 

This  paper  describes  experiments  with  some  new  addition 
agents  by  means  of  which  smooth,  finely  crystalline  deposits  of 
lead  may  be  obtained  from  acetate  baths.     These  deposits   are 
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much   superior  to   those   obtained   with   peptone  as   an   addition 
agent. 

For  each  liter  (1.056  quarts)  of  bath  there  should  be  used 
100  g.  lead  acetate,  40  g.  ammonium  perchlorate,  25  to  50 
cc.  of  glacial  acetic  acid  and  addition  substance  prepared  by  one 
of  the  following  methods : 

1.  Boil  for  two  hours  25  g.  of  poplar  wood  sawdust  in  the 
acetic  acid  diluted  with  an  equal  volume  of  water.  Add  this 
extract  to  the  solution  of  the  lead  acetate  and  the  ammonium 
perchlorate.     Filter,  dilute  to  one  liter  and  electrolvze. 

2.  Boil  50  g.  of  the  sawdust  of  poplar  wood  in  500  cc.  of 
water  for  8  to  10  hours.  Filter  and  add  this  aqueous  extract  to 
the  bath.     Dilute  to  one  liter  and  electrolvze  without  filtering. 

3.  Treat  5  g.  of  aloes  with  200  cc.  of  warm  water  and  shake 
until  the  soluble  material  has  dissolved.  Let  stand  until  the 
insoluble  tar  or  gum  settles  and  adheres  to  the  sides  of  the 
vessel.  Add  this  clear  aqueous  extract  to  the  lead  bath  and 
electrolvze  without  filtering. 

4.  Dissolve  the  insoluble  tar  or  gum  ( mentioned  in  the  pre- 
ceding paragraph)  obtained  from  the  extraction  of  12.5  g.  of 
aloes  with  water,  in  the  glacial  acetic  acid.  Add  this  solution 
to  the  bath  and  electrolvze  without  filtering.  Xo  better  addition 
agent  than  this  was  found. 

5.  Dissolve  10  g.  of  the  residue  that  remains  after  the  com- 
mercial extraction  of  aloes  in  the  manufacture  of  aloin,  in  the 
acetic  acid  and  add  to  the  bath.    Electrolvze  without  filtering. 

The  addition  substance  extracted  from  poplar  wood  by  boil- 
ing in  strong  acetic  acid  gives  very  good  results.  The  loss  of 
acetic  acid  in  the  residue  of  wood  is  a  serious  disadvantage  if 
used  commercially.  The  deposits  are  very  good,  but  they  have 
no  advantage  over  those  obtained  by  the  use  of  aloes.  The  addi- 
tion agent  produced  by  boiling  the  wood  in  dilute  acetic  acid 
(5  percent)  produced  rough,  unsatisfactory  deposits.  The  residue 
of  wood  remaining  from  one  extraction  when  extracted  again 
does  not  give  as  good  deposits  as  the  first  time.  Sap  wood  of 
the  poplar  seemed  to  be  less  valuable  than  the  heart  wood.  The 
addition  substance  extracted  from  the  wood  is  not  tannin  or 
essential  oils,  since  these  substances  are  of  little  effect  in  these 
lead  baths.     Some  woods,  as  pine,  are  not  suited  for  the  prepara- 
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tion  of  addition  agents.     There  are  some  other  woods  just  as 
good  as  the  poplar. 

Merely  boiling  the  wood  in  water  gives  an  addition  substance 
which  produces  a  very  crystalline,  firm,  but  uneven  deposit. 
This  addition  substance  could  be  used  in  plating  work  where 
only  a  very  thin  deposit  is  required.  It  seems  to  the  author  that 
there  are  possibilities  in  these  aqueous  extracts  from  woods.  This 
part  of  the  work  was  covered  very  briefly. 

The  use  of  the  aqueous  extract  of  aloes  is  not  recommended, 
although  very  good  deposits  may  be  obtained  with  it,  because 
the  use  of  aloes  residue  gives  so  much  better  results.  Very  many 
methods  of  preparing  the  addition  agent  from  the  aloes  were 
tried,  but  the  simple  method  given  above  was  as  good  as  any. 
The  two  aloes,  Barbadoes  and  Socotrine.  seemed  to  be  about 
equally  beneficial. 

The  residue  from  aloes  which  is  insoluble  in  water  is  the 
best  addition  substance  that  was  found.  Thicker,  smoother  de- 
posits could  be  obtained  with  it  than  with  any  oiher  addition 
agent.  This  residue  is  soluble  in  hot  strong  acetic  acid,  but  a 
large  part  of  it  reprecipitates  when  this  solution  is  added  to  the 
bath.  If  this  precipitate  is  filtered  out  before  electrolysis,  the 
deposit  becomes  rough  much  sooner  than  if  it  is  allowed  to 
remain  in  the  solution.  It  is  thought  that  this  precipitate  grad- 
ually redissolves  in  the  bath  during  the  electrolysis.  More 
extended  experiments  are  to  be  made  upon  the  use  of  this  aloes 
residue  as  addition  agent  in  metal  deposition. 

Good  deposits  could  be  obtained  for  a  short  time  from  a  new 
bath  which  did  not  contain  free  acetic  acid.  In  the  absence  of 
this  free  acid  a  precipitate  gradually  formed  in  the  solution 
which  perhaps  caused  the  deposit  to  become  rough.  The  deposits 
became  spongy  when  the  baths  became  neutral  in  reaction  after 
continued  electrolysis. 

The  presence  of  ammonium  perchlorate  or  similar  salt  was 
necessary  for  the  formation  of  a  good  smooth  deposit.  Good 
thin  deposits  could  be  obtained  when  ammonium  acetate  was 
used,  but  thick  deposits  became  rough.  Ammonium  perchlorate 
was  the  most  satisfactory  salt  that  was  tried.  Sodium  nitrate 
or  potassium  chlorate  gave  excellent  deposits,  but  they  seem  to 
be  too  unstable  for  practical  purposes.     Better  deposits  could  be 
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obtained  by  increasing  the  ammonium  perchlorate  to  8  percent, 
but  this  greatly  increases  the  cost  of  the  bath. 

A  current  density  of  0.4  amp.  per  sq.  dm.  (3.6  amp.  per  sq.  ft.) 
must  be  used  for  thick  deposits.  For  thin  deposits  in  plating 
0.8  amp.  per  sq.  dm.  may  be  used.  With  the  higher  current 
density,  ammonium  acetate  cannot  be  used  in  place  of  the 
ammonium  perchlorate. 

The  current  efficiencies  at  the  anode  and  at  the  cathode  are 
near  100  percent.  The  excellent  corrosion  of  the  anodes  is 
proved  by  the  fact  that  the  copper  wires  attached  to  the  anodes 
in  the  solution  were  not  dissolved.  The  specific  gravity  of  the 
deposited  lead  was  11.27. 

More  of  the  addition  substance  and  more  acetic  acid  must  be 
added  to  the  bath  during  the  course  of  the  electrolysis. 

Indiana  University, 
Bloomington,  Ind. 
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ELECTRODEPOSITION  OF  LEAD  FROM    LEAD  LACTATE  AND 
LEAD  FORMATE  SOLUTIONS 

By  Frank  C.  Mathers  and  Barrett  W.   Cockrum. 

Lead  has  been  deposited  from  lead  lactate1  and  formate2  solu- 
tions, but  the  deposits  were  spongy,  non-adherent  and  of  no  value 
either  for  quantitative  work  or  plating  purposes.  The  formation 
of  these  spongy,  non-adherent  deposits  has  given  credence  to 
the  false  idea  that  solid  electrodeposited  lead  can  not  be  had 
from  the  solutions  of  the  lead  salts  of  weak  acids. 

These  experiments  were  made  to  determine  whether  or  not  lead 
could  be  deposited  in  a  solid  condition  by  the  electrolysis  of  lead 
lactate  and  lead  formate  solutions  according  to  the  method 
previously  used  for  the  electrolysis  of  lead  acetate  solutions.3 

Apparatus  and  Solutions. — Lead  lactate  was  prepared  by  neu- 
tralizing lactic  acid  with  litharge  (PbO).  Lead  formate  was 
prepared  by  neutralizing  formic  acid  with  lead  carbonate.  The 
residue  of  lead  formate  was  purified  by  crystallization  from  hot 
water. 

Two  lead  anodes  4  x  4  x  0.5  cm.  (1.56  x  1.56  x  0.2  in.)  were 
suspended  by  copper  wires  in  opposite  sides  of  a  225  cc.  beaker. 
These  anodes  were  wrapped  in  filter  paper  in  order  to  keep  the 
slime  out  of  the  bath.  A  cathode  6  x  4.2  cm.  (2.3  x  1.6  in.), 
made  of  thinly  rolled  lead,  was  hung  between  the  anodes.  The 
volume  of  each  bath  was  200  cc.  The  current  was  0.4  amp. 
per  sq.  dm.  (3.6  amp.  per  sq.  ft.). 

Each  lactate  bath  contained  4  percent  of  lead  as  lactate  and 
4  percent  of  ammonium  perchlorate,  and  each  formate  bath  con- 
tained 2  percent  of  lead  formate  and  4  percent  of  ammonium 
perchlorate,  unless  otherwise  stated.  The  other  things  which  were 
added  to  the  baths  are  stated  in  each  case.  The  experiments  were 
all  run  at  room  temperature. 

1  Jordon,  Z.  Electrochemie,  2,  140  (19051. 
3 Warwick,  Chem.  News.  66,  275  (1892). 
3  Mathers,   Trans.   Amer.   Electrochem.   Soc,   24,   315    (1913). 
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LEAD  LACTATE  BATHS 

Effects  of  Addition  Substances. 

No  Addition  Substance. — The  deposit  from  the  bath  containing 
only  lead  lactate  was  very  crystalline  with  long  needles  which 
soon  short-circuited  the  bath.  The  addition  of  4.5  percent  of 
lactic  acid  gave  essentially  the  same  crystalline  deposit,  which 
soon  short-circuited  the  cell.  These  deposits  are  characteristic 
of  lead  as  usually  obtained  from  solutions  of  lead  acetate  or  other 
lead  salts  of  weak  acids.  The  addition  of  4  percent  of  ammonium 
perchlorate  to  each  of  the  above  baths  gave  deposits  which  were 
slightly  less  crystalline,  thus  showing  the  beneficial  effect  of 
ammonium  perchlorate.  The  presence  of  free  lactic  acid  seemed 
to  be  without  any  beneficial  action. 

Glue.— The  addition  of  one  percent  of  glue,  either  with  or 
without  4.5  percent  of  free  lactic  acid,  gave  deposits  which  weie 
less  crystalline  than  without  the  glue.  After  electrolysis  for 
48  hours  the  cathodes  were  a  mass  of  crystals.  This  shows  that 
the  glue  had  some  effect,  since  without  it  the  electrolysis  of  a 
bath  for  this  length  of  time  was  impossible  because  of  the  short- 
circuiting  of  the  cell.  After  the  addition  of  4  percent  of  am- 
monium perchlorate  to  each  of  these  baths,  the  deposits  became 
finely  crystalline,  but  changed  in  a  short  time,  becoming  black 
and  spongy  and  falling  from  the  cathode  to  the  bottom  of  the 
beaker.  The  formation  of  such  a  loose,  spongy  deposit  quite 
often  occurs  when  too  much  addition  substance  has  been  added. 
Another  experiment  using  0.2  g.  glue  with  the  ammonium 
perchlorate,  but  without  free  lactic  acid*  gave  a  fairly  smooth 
deposit,  which,  however,  became  rough  before  it  attained  any 
considerable  thickness.  The  deposit  was  covered  thickly  with 
projecting  pointed  crystals.  These  experiments  show  the  great 
improvement  produced  by  the  addition  of  the  ammonium  per- 
chlorate along  with  the  glue,  and  also  that  the  glue  does  not  have 
the  properties  which  supplement  those  of  the  other  acid  ions 
in  the  baths  in  a  way  to  produce  smooth  deposits. 

Clove  Oil. — Four  drops  of  clove  oil4  was  without  effect  either 
in  the  presence  of   free  acid    (4.5   percent)   or  ammonium  per- 

4  An  Excellent  Addition  Agent  in  Lead  Perchlorate  or  Lead  Fluosilicate  Baths. 
Mathers  and  Overman,   Amer.   Electrochem.    Soc,  21,   33    (1912). 
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chlorate  or  both.     The  deposits  were  as  crystalline  as  when  no 
addition  agent  was  used. 

Nicotine. — Four  drops  of  nicotine  was  of  no  value,  the  deposit 
being  apparently  as  crystalline  as  when  no  addition  substance 
was  used. 

Peptone. — A  bath  containing  0.5  percent  of  peptone  and  4  per- 
cent of  lead  as  lactate  gave  a  black  spongy  deposit  which  fell 
from  the  cathode  and  settled  to  the  bottom  of  the  beaker.  The 
addition  of  4  percent  of  ammonium  perchlorate  to  this  bath  caused 
it  to  give  a  firm,  solid  but  rather  brittle  deposit.  Deposits  from 
solutions  containing  less  than  0.5  percent  of  peptone  had  rough 
crystalline  projecting  edges.  The  deposit  from  the  solution 
containing  0.125  percent  of  peptone  was  free  from  the  feathery 
crystals  on  the  face  of  the  cathode  which  is  a  distinction  from 
the  deposits  gotten  from  the  solutions  containing  no  peptone,  in 
which  cases  feathery  crystals  covered  the  faces  of  the  cathodes. 
The  deposits  were,  however,  rough  on  the  edges.  The  deposit 
from  the  bath  containing  one  percent  of  peptone  was  not  appre- 
ciably better  than  those  with  0.5  percent,  hence  the  latter  amount 
was  considered  to  be  the  proper  quantity. 

Deposits  were  obtained  from  baths  containing  4,  3,  2  and  I 
percent  of  ammonium  perchlorate,  respectively,  and  4  percent 
of  lead  as  lactate  and  0.5  percent  of  peptone  in  each  case,  but 
without  free  lactic  acid.  The  deposit  from  the  bath  containing 
4  percent  of  ammonium  perchlorate  was  much  superior  to  the 
others.  With  one  percent  of  ammonium  perchlorate  the  deposit 
was  very  dark  and  rough,  especially  on  the  edges.  It  was  also 
very  brittle.  These  deposits  are  shown  in  Fig.  1.  Duplicate  ex- 
periments with  baths  containing  5  percent  of  lactic  acid  gave  no 
better  results.  Deposits  from  baths  containing  from  8  to  2  per- 
cent of  lead  as  lactate,  with  4  percent  of  ammonium  perchlorate, 
0.5  percent  of  peptone  and  one  to  two  percent  of  free  lactic  acid 
were  all  about  equal  in  quality.  The  decrease  in  the  concentration 
of  lead  was  almost  without  effect  upon  the  deposits ;  however, 
the  bath  with  4  percent  of  lead  was  judged  to  be  the  best  to  use, 
because  those  with  higher  lead  content  were  not  enough  better 
to  make  important  the  higher  concentration.    These  cathodes  are 
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shown  in  Fig.  I.     Similar  experiments,  except  without  free  lactic 
acid,  gave  good  deposits  only  with  the  higher  lead  content. 

The  best  deposits  were  obtained  by  the  use  of  low  current  densi- 
ties. The  maximum  current  density  that  gave  good  deposits  from 
these  solutions  was  about  0.4  amp.  per  sq.  dm.  (3.6  amp.  per  sq. 
ft.).  When  a  current  of  0.6  amp.  per  sq.  dm.  (5.4  amp.  per 
sq.  ft.)  was  used,  the  edges  of  the  cathode  were  very  rough. 

Substitution  of  Other  Salts  for  Ammonium  Perchlorate. 

If  the  ammonium  perchlorate  exercised  a  beneficial  action 
merely  because  it  is  a  strongly  dissociated  salt  of  a  strong  acid, 
any  other  similar  salt  should  give  the  same  results.  With  sodium 
naphthalene  sulfonate  ( Cu,H7SO,,Na)  almost  as  good  deposits 
were  obtained  as  with  the  ammonium  perchlorate.  Ammonium 
fluoborate  was  found  to  be  less  satisfactory  than  the  ammonium 
perchlorate.  The  presence  of  free  acid  was  necessary  in  the  case 
of  the  bath  containing  the  ammonium  fluoborate,  which  is 
unstable  except  in  acid  solutions.  Sodium  perchlorate  was  found 
to  be  fully  as  good  as  ammonium  perchlorate.  Sodium  ethyl 
sulfate,  fluosilicic  acid  and  potassium  perchlorate  were  found  to 
be  distinctly  inferior  to  the  ammonium  perchlorate.  The  use  of 
glue  in  the  bath  containing  the  fluosilicic  acid  did  not  produce  a 
good  deposit.  Calcium  lactate  gave  a  poor  deposit.  Four  percent 
of  the  above  salts  was  used  in  each  case. 

Extracts  from  Wood  as  Addition  Substances. — An  extract  of 
yellow  poplar  wood  (Liriodcndron  Tulipefcra,  L.)  was  prepared 
by  boiling  the  sawdust  (5  g.)  in  20  cc.  of  a  solution  of  50 
percent  lactic  acid  for  half  an  hour.  This  extract  was  added 
to  a  bath  containing  4  per  cent  of  lead  as  lactate  and  4  percent  ot 
ammonium  perchlorate.  The  precipitate  was  filtered  out  and  the 
solution  electrolyzed.  A  thick,  firm  and  finely  crystalline  deposit 
was  obtained,  which  was  very  much  better  than  that  obtained  by 
the  use  of  peptone.  If  the  extract  of  poplar  wood  was  prepared 
by  boiling  the  sawdust  in  a  5  percent  solution  of  lactic  acid  ( 100 
cc.)  the  deposit  showed  peculiar  inequalities,  as  shown  in  Fig.  2. 

Current  Efficiency. — The  current  efficiency  was  determined  on 
a  bath  (200  cc.)  containing  4  percent  of  ammonium  perchlorate, 
4  percent  of  lead  as  lactate  and  0.5  percent  of  peptone.     The 
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cathodes  were  copper,  and  the  anodes  twice  refined  lead ;  a  copper 
coulometer  was  run  in  series  with  the  baths. 

Copper  Deposited      Theoretical  Lead  Deposited  Loss  at 

in  Coulometer  Amount  of  at  Cathode  at  Anode 

Lead 

3.7420  g.  12.2533  g.  12.1948  g.  12.2348  g. 

Current    Efficiency 

in  percent  at 

Anode  Cathode 

99  87  99-33 

The  specific  gravity  of  this  deposit  was  determined  and  found 
to  be  11.25,  as  compared  to  11.36,  which  is  the  specific  gravity 
of  the  lead  gotten  from  perchlorate  baths.5 

The  quantity  of  peptone  required  for  the  deposition  of  the  lead 
was  determined  by  electrolyzing  a  bath  as  long  as  the  deposit 
was  solid  and  firm,  although  it  became  rough  near  the  end  of 
the  electrolysis.  By  the  use  of  one  gram  of  peptone,  311  gm.  of 
lead  were  deposited.  For  depositing  one  ton  (909  kg.)  of  lead, 
6.4  lb.  (2900  g. )  of  peptone  would  be  required. 

Barbadocs  Aloes  as  an  Addition  Agent. — Barbadoes  aloes  was 
found  to  be  as  good  an  addition  substance  as  the  yellow  poplar 
extract,  and  far  superior  to  peptone,  in  that  the  deposit  was  less 
brittle  and  was  very  much  smoother.  Complete  series  of  experi- 
ments upon  baths  containing  varying  amounts  of  lead  lactate, 
lactic  acid  and  ammonium  perchlorate  were  not  run,  since  it 
was  assumed  that  the  quantities  of  these  substances  for  the 
most  satisfactory  results  had  already  been  determined  in  the 
experiments  in  which  peptone  was  used  as  the  addition  substance. 
Consequently  the  baths  that  were  tried  contained  4  percent  of 
lead  as  lactate,  4  percent  of  ammonium  perchlorate,  1  percent 
of  free  lactic  acid  and  0.25  percent  of  Barbadoes  aloes.  The 
aloes  was  dissolved  in  water,  and  this  aqueous  solution,  after 
the  insoluble  tar  or  gum  had  settled,  was  added  to  the  bath.  A 
picture  of  one  of  these  cathodes  is  shown  in  Fig.  2.  This  cathode 
was  left  in  the  bath  as  long  as  a  satisfactory  deposit  was  obtained. 
In  this  way  it  was  found  that  358  g.  of  lead  could  be  deposited 
in  a  solid,  compact  condition  by  the  use  of  the  water-soluble 
materials  from  0.5  g.  of  the  aloes.  This  means  that  1266  g. 
(2.79  lb.)  of  aloes  would  be  required  for  909  kg.   (one  ton)  of 

5  Trans.   Amer.   Electrochem.   Sec.    17,   261    (1910'). 
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lead  deposited.  A  lead  cathode  weighing  3220  g.  (7.12  lb.) 
was  deposited  from  a  lactate  bath  of  the  above  composition ;  the 
volume  of  the  bath  was  800  cc,  the  cathode  was  10  x  12.5  cm. 
(3.9  x  4.7  in.),  the  current  density  was  about  0.2  amp.  per  sq.  dm. 
More  of  the  aloes  was  added  from  time  to  time  during  the  elec- 
trolysis, whenever  the  crystalline  appearance  of  the  cathode 
showed  that  more  addition  substance  was  needed.  No  record  of 
the  total  quantity  of  aloes  used  was  kept.  This  cathode  is  shown 
in  Fig.  4. 

LEAD  FORMATE  BATHS 

Good  cathodes  were  much  harder  to  obtain  from  these  baths 
than  in  the  case  of  the  lactate.  The  small  solubility  of  lead 
formate  made  it  impossible  to  use  a  higher  concentration  than 
2  percent  of  the  salt.  During  electrolysis  the  lower  part  of  any 
metal  refining  bath  becomes  more  concentrated  than  the  upper 
part  if  the  bath  is  not  stirred  or  circulated.  This  change  of 
concentration  shows  its  effect  more  quickly  upon  the  character  of 
the  cathode  deposit  if  the  solution  is  already  dilute,  as  in  this 
case.  Continuous  stirring  or  circulating  the  bath  would  remove 
any  trouble  of  this  kind.  In  these  experiments  there  was  no 
agitation  except  occasional  stirring  with  a  glass  rod,  consequently 
the  upper  portions  of  the  cathodes  were  not  as  smooth  and  firm 
as  the  lower  parts. 

No  Addition  Substance. — The  cathode  from  a  bath  containing 
2  percent  of  lead  formate  without  any  free  formic  acid  was 
very  crystalline,  and  soon  short-circuited  the  bath,  much  as  in  the 
case  of  the  corresponding  lactate  bath.  The  addition  of  varying 
amounts  of  free  formic  acid  did  not  materially  improve  the  bath. 
The  addition  of  4  percent  of  ammonium  perchlorate  caused  the 
deposit  to  form  in  small  rough  crystals,  which  was  slightly  better 
than  without  the  ammonium  perchlorate. 

Glue. — The  addition  of  1  percent  of  glue  did  not  materially 
improve  the  character  of  the  deposit.  The  glue  in  this  case  had 
the  same  action  as  in  the  corresponding  lactate  bath. 

Clove  Oil. — The  addition  of  two  to  four  drops  of  clove  oil  to 
these  baths,  either  with  or  without  free  acid  and  ammonium  per- 
chlorate, seemed  to  be  without  effect.  The  deposits  were  essen- 
tiallv  the   same   as  without  the  clove   oil. 
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Peptone. — With  solutions  containing  2  percent  of  lead  formate, 
4  percent  of  ammonium  perchlorate,  no  free  formic  acid  and 
0.5  percent  of  peptone  the  cathodes  were  free  from  projecting 
crystals,  but  were  brittle,  not  firm,  and  the  surfaces  were  rough. 
The  top  part  of  the  cathodes  was  loose,  due  to  the  low  concen- 
tration of  lead.  As  the  amount  of  ammonium  perchlorate  was 
decreased  from  4  to  3,  then  to  2,  and  finally  to  1  percent,  the 
deposits  became  rougher  and  less  firm.  With  6  percent  of 
ammonium  perchlorate  the  deposit  was  rough  and  firm. 

Effect  of  Free  Acid. — The  addition  of  1  percent  of  free  formic 
acid  in  the  above  bath  containing  4  percent  of  ammonium  per- 
chlorate greatly  improved  the  deposit,  making  it  much  smoother 
and  firmer.  An  increase  in  free  formic  acid  to  2  percent  gave 
a  still  better  cathode,  while  with  larger  amounts  of  free  acid  the 
deposits  seemed  to  become  more  crystalline  and  more  rough. 
These  cathodes  are  shown  in  Fig.  3.  A  current  density  of  0.4 
amp.  per  sq.  dm.  (3.6  amp.  per  sq.  ft.)  was  used.  Higher  currents 
had  the  effect  of  making  the  deposits  much  rougher. 

Aloes  as  an  Addition  Agent. — Peptone  was  not  the  ideal  addi- 
tion substance,  since  the  deposits  were  not  entirely  smooth  and 
firm,  but  were  brittle  and  granular.  Aloes  was  much  the  most 
satisfactory  addition  substance  of  those  that  were  tried.  In  this 
work  Barbadoes  aloes  was  added  to  the  complete  bath,  which  was 
then  warmed  in  order  to  bring  the  aloes  into  solution.  After 
cooling  the  bath  was  filtered  in  order  to  remove  the  insoluble 
gum.  Fig.  3  shows  some  cathodes  from  solutions  with  2  percent 
of  lead  formate,  4  percent  of 'ammonium  perchlorate,  0.25  percent 
of  Barbadoes  aloes,  and  free  formic  acid  varying  in  amount  from 
1  percent  to  10  percent.  As  all  these  cathodes  seemed  to  be 
about  equally  good,  there  was  consequently  no  advantage  in 
using  more  than  1  or  2  percent  of  free  formic  acid.  These 
cathodes  were  very  smooth  and  bright  in  color,  but  finely  crystal- 
line and  brittle.  Without  the  free  acid  the  deposits  were  rougher 
and  less  firm,  showing  indications  of  sponginess  on  the  upper 
portions  where  the  concentration  of  the  lead  was  low.  Decreases 
in  the  amount  of  ammonium  perchlorate  in  those  baths  con- 
taining no  free  acid  produced  much  rougher  deposits  with  more 
spongy  formations  near  the  top. 
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These  deposits  from  the  formate  baths  with  the  Barbadoes 
aloes  as  an  addition  substance  are  exceptionally  smooth  and  satis- 
factory. The  appearance  of  the  cathodes  is  very  similar  to  the 
best  cathodes  that  can  be  obtained  from  any  of  the  baths  using 
strong  acids  such  as  the  fluosilicate  or  perchlorate.  Fig.  4  shows 
a  large  cathode  which  was  deposited  from  a  formate  bath  con- 
taining Barbadoes  aloes.  This  bath  was  made  by  combining 
the  baths  from  which  the  cathodes  shown  in  Fig.  3  were  plated. 
This  cathode  is  one-half  inch  thick,  and  weighs  1100  g.  (2.43 
lb.).  The  current  density  was  about  0.2  amp.  per  sq.  dm.  (1.8 
amp.  per  sq.  ft.).  An  unfortunate  accident  broke  the  container, 
and  thus  ended  the  attempt  to  produce  a  very  thick  cathode. 

The  substitution  of  ammonium  fluoborate  for  ammonium  per- 
chlorate in  the  peptone  solutions  gave  a  cathode  that  was  covered 
with  projecting  crystals.  Sodium  naphthalene  sulfonate  gave 
almost  as  good  a  cathode  as  when  the  ammonium  perchlorate  was 
used.  Only  one  experiment  was  tried  with  each  of  these  salts, 
consequently  it  is  unsafe  to  draw  definite  conclusions. 

Summary. 

This  paper  gives  the  details  of  experiments  on  the  conditions 
under  which  a  smooth,  thick,  firm,  crystalline  but  rather  brittle 
deposit  of  lead  can  be  obtained  from  lead  lactate  and  lead  formate 
baths. 

The  baths  that  gave  the  best  deposits  contained  4  percent  of 
lead  as  lactate  or  2  percent  of  lead  formate,  1  to  5  percent  of 
lactic  or  formic  acid,  4  percent  of  ammonium  perchlorate  and 
0.25  percent  of  Barbadoes  aloes.  This  mixture  was  warmed  and 
then  filtered  in  order  to  remove  the  insoluble  gum  which  was  in 
the   aloes. 

A  current  density  of  0.4  amp.  per  sq.  dm.  (3.6  amp.  per  sq.  ft.) 
was  found  to  be  best ;  with  higher  current  densities  the  deposit 
became  rougher. 

Thick  deposits  were  obtained  without  difficulty.  The  specific 
gravity  of  this  electrodeposited  lead  was  11.25  and  11.28  for  the 
lactate  and  formate  baths  respectively. 

( )ther  addition  agents  were  tried  in  the  place  of  the  Barbadoes 
aloes,  but  of  these  peptone  was  the  only  one  of  any  marked  value. 

It  was  found  that  sodium  naphthalene  sulfonate  could  be  used 
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in  the  place  of  ammonium  perchlorate.     Other  salts  of  strong 
acids  did  not  give  as  good  results  as  the  perchlorate. 

The  only  disadvantages  in  the  use  of  baths  containing  lead 
salts  of  weak  acids  are : 

(a)  A  low  current  density  must  be  used. 

(b)  The  deposits  are  brittle  as  a  result  of  the  large  amount 
of  addition  substances  that  must  be  used. 

Indiana  University, 
Bloomington,  Indiana. 


DISCUSSION. 

W.  Lash  Miller:  I  ask  whether  in  the  literature  there  is  any 
chemical  investigation  of  the  composition  of  aloes  residue? 

F.  C.  Mathers:  I  do  not  know.  I  have  seen  no  statement 
concerning  the  composition  of  this  aloes  residue. 

F.  C.  Frary  :  Has  Dr.  Mathers  determined  how  much  of  his 
addition  agent  or  colloid  went  into  the  cathode  ?  It  is  well  known 
that  in  the  case  of  the  glue  process  with  fluosilicate  a  certain 
amount  of  the  glue  goes  into  the  cathode  and  changes  the  proper- 
ties of  the  lead  appreciably. 

What  is  the  relative  cost  of  ammonium  perchlorate  and  fluo- 
silicic  acid?  Hydrofluoric  acid,  in  its  commercial  form,  is  cheap, 
and  silica  also,  so  that  from  the  two  fluosilicic  acid  salts  can  be 
made  for  next  to  nothing. 

In  regard  to  one  of  the  deposits  mentioned,  where  it  is  said 
that  a  black  spongy  deposit  appeared  soon  after  beginning  elec- 
trolysis, possibly  the  difficulty  was  that  the  lead  was  being  de- 
posited from  the  bath  faster  than  it  was  being  dissolved.  In 
this  particular  case  I  believe  perchlorate  was  not  added,  and 
the  deposit,  good  at  first,  rapidly  became  dark.  It  is  well  known 
that  when  we  electrolyze  acetates,  acetic  acid  is  broken  up  at 
both  anode  and  cathode,  and  it  would  seem  probable  that  the 
function  of  the  perchlorate  was  to  introduce  a  substance  which 
would  dissolve  the  anode  properly  and  not  be  itself  decomposed 
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by  the  current.  This  phenomenon  of  the  formation  of  a  spongy 
deposit  when  the  solution  becomes  impoverished  in  metal  is  one 
which  is  quite  common  in  the  electrodeposition  of  copper,  and 
might  occur  here  also. 

Did  Professor  Mathers  make  any  determination  of  the  changes 
of  concentration  of  the  lead  in  an  acid  solution  containing  per- 
chlorate  on  continued  electrolysis,  whether  the  lead  content  was 
maintained  constant  and  whether  the  acetate  was  gradually 
destroyed  as  it  would  have  been  without  the  perchlorate? 

F.  C.  Mathers  :  The  addition  substance  is  deposited  with  the 
lead  upon  the  cathode.  No  attempt  was  made  to  determine  the 
quantity  of  the  occluded  addition  agent.  Since  larger  amounts 
of  the  addition  agents  are  required  in  these  baths  than  in  the 
fluosilicate  or  perchlorate  solutions,  the  deposited  lead  shows 
the  effect  to  a  greater  extent,  being  very  brittle  in  some  cases. 

In  large  quantities  sodium  or  potassium  perchlorate  can  be 
purchased  for  10  cents  per  pound.  I  do  not  have  any  price  upon 
the  ammonium  perchlorate. 

Many  deposits  seem  to  be  good  at  the  beginning  of  electrolysis 
but  soon  become  bad.  All  defects  or  imperfections  or  crystalline 
growths  gradually  become  greater  and  greater  as  the  thickness 
of  the  deposit  increases.  This  is  probably  what  occurred  in  the 
case  cited  by  Dr.  Frary.  Xo  deposit  deserves  to  be  described 
as  "good"'  until  it  has  reached  such  a  thickness,  say  0.5  to  1  cm. 
(0.2  to  0.4  inch),  that  any  defects  or  imperfections  will  be 
readily  apparent. 

There  could  not  have  been  any  serious  impoverishment  of  lead 
in  these  baths  since  the  current  efficiencies  were  near  100  percent 
at  both  the  anode  and  the  cathode.  Xo  experiments  were  made 
to  determine  whether  there  was  any  decomposition  of  the  acetate 
radicle  at  the  anode  during  the  electrolysis.  This  decomposition, 
if  any,  could  not  have  been  very  large  otherwise  the  current 
efficiency  at  the  anode  would  have  been  noticably  low. 

Ammonium  perchlorate  or  other  salt  was  necessary  for  the 
formation  of  good  deposits.  I  do  not  think  that  bad  deposits  in 
the  absence  of  the  ammonium  perchlorate  were  due  to  decompo- 
sition products  of  the  acetate  migrating  from  the  anode  to  the 
cathode.     The  deposits  were  not  perfect  in  the  beginning  when 
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there  had  not  been  time  for  any  solution  to  diffuse  to  the  cathode. 
I  think  that  the  perchlorate  radicle  must  have  some  influence 
upon  the  deposits  since  other  acid  radicles  were  less  beneficial. 

Jos.  W.  Richards  :  I  take  it  for  granted  that  the  ultimate 
object  is  to  find  a  bath  which  would  be  suitable  for  refining  or 
depositing  lead.  In  that  case  it  would  be  important  to  get  some 
quantitative  idea  of  the  amount  of  the  addition  substances  which 
must  be  added  from  time  to  time,  that  is,  the  rate  at  which  the 
addition  is  exhausted,  because  its  commercial  use  will  depend 
entirely  on  the  cost  of  the  addition  agent  which  must  be  added 
to  it. 

G.  A.  Roush  :  One  point  of  interest  is  that  the  density  of  the 
metal  mentioned  in  every  case  is  lower  than  the  density  of  cast 
metal.  This  is  interesting,  in  comparison  with  the  paper  by  Mr. 
Addicks,  which  was  presented  yesterday,  in  which  he  states  a 
fact  which  is  already  pretty  well  known,  that  electrolytic  copper 
is  almost  always  higher  in  density  than  worked  cast  copper. 

Jos.  W.  Richards  :  Cast  copper  usually  contains  gases  which 
make  its  specific  gravity  lower  than  that  of  electro-deposited 
copper,  while  the  cast  lead  does  not  contain  such  gases. 

F.  C.  aIathers:  About  2.8  pounds  of  the  aloes  is  required 
for  a  ton  of  lead.  The  crude  aloes  is  quoted  at  something  like 
ten  to  twenty  cents  a  pound  in  the  drug  journals.  I  do  not  know 
what  it  would  cost  in  large  quantities.  It  would  probably  not  be 
very  expensive.  This  research  was  not  so  much  to  find  a  good 
plating  and  refining  bath  as  to  see  what  would  be  done  with  the 
lead  salts  of  the  weak  acids.  Some  people  said  that  good  deposits 
could  not  be  obtained  from  these  solutions  and  I  thought  that  it 
would  be  interesting  to  show  them  that  it  could  be  done. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
2,  1914,  President  F.  A.  Lidbury  in  tlie 
Chair. 


ELECTRODEPOSITION  OF  TIN  FROM  TIN  SALTS  OF  MINERAL 

ACIDS. 

By  Frank  C.    Mathers   and    Barrett   W.    Cockrum. 

This  paper  gives  the  results  of  attempts  to  obtain  smooth,  finely 
crystalline  deposits  of  tin  from  tin  salts  of  mineral  acids.  A 
very  extended  research  involving  experiments  with  179  various 
combinations  of  conditions  and  compositions  of  baths  was  made, 
but  no  entirely  satisfactory  deposit  was  obtained. 

The  baths  contained  four  percent  of  tin  as  stannous  chloride, 
fluoride,  perchlorate  or  fluoborate  or  as  stannic  chloride,  about 
one  percent  of  the  free  acids,  respectively,  and  0.05  to  0.5  per- 
cent of  various  addition  agents.  'Other  salts,  generally  the 
ammonium  salts  of  the  acids,  were  tried  in  some  of  the  baths. 
The  addition  agents  which  were  tested  were : — clove  oil,  peptone, 
gelatine,  glue,  phloridizin,  Barbadoes  aloes,  sandalwood  oil, 
residue  from  Curacao  aloes,  tannic  acid,  levulose,  eucalyptus  oil, 
catechu,  benzoic  acid,  caffeine,  pyrogallol,  formin,  licorice  extract, 
oxalic  acid,  salicin,  saponin,  podophyllin,  jalapin,  digitalin,  mor- 
phine and  gum  Arabic.  The  current  density  was  0.4  amp.  per 
sq.  dm.  Most  of  the  experiments  were  run  at  room  temperature 
since  a  temperature  of  8o°  C.  did  not  materially  improve  the 
deposits. 

The  best  deposits  were  obtained  at  room  temperature  from 
stannous  fluoborate  saturated  with  clove  oil  or  containing  0.1 
percent  digitalin  and  from  stannous  perchlorate  containing  0.1 
percent  phloridizin.  These  deposits  were  firm  and  free  from 
loose  trees  or  projections  but  they  were  very  crystalline.  Fig.  1 
shows  samples  of  these  cathodes.  The  deposit  from  a  per- 
chlorate bath  with  glue  is  shown  for  comparison.  It  is  a  better 
cathode  than  was  obtained  from  most  of  the  other  baths. 

The  authors  feel  that  no  combination  of  the  salts,  addition 
agents  and  conditions  that  were  tried  in  this  work  will  give  a 
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good  tin  plating  or  refining  bath.     Any   further  work  on  this 
problem  should  be  with  new  addition  agents. 


Fig.    i. 

These  baths  contained  four  percent  tin,  about  one  percent  of  free  acid  and  other 
things  as  given  below.  The  current  density  was  0.4  amp.  per  sq.  dm.  These  cathodes, 
except  the  one   with  glue  were  the  best  that  were  obtained. 

1.  Stannous  perchlorate,  4  percent  ammonium  perchlorate  and  0.25  percent 
phloridizin. 

2.  Stannous  perchlorate  and  0.25   percent  digitalin. 

3.  Stannous  fluoborate  saturated  with   clove  oil. 

4.  Stannous   perchlorate   and   0.25    percent   glue. 

Indiana  University, 
Bloomington,  Ind. 


DISCUSSION. 

H.  C.  Chapin  :     Were  these  deposits  made  at  high  or  low 
temperatures  ? 

F.  C.  Mathers:    These  deposits  were  made  at  room  tempera- 
ture in  most  cases. 
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H.  C.  Chapix  :  Tin  can  be  obtained  in  two  modifications,  the 
white  or  ordinary  tin  and  the  grey  or  brittle,  powdery  kind.  I 
do  not  remember  what  the  transition  temperature  is. 

F.  C.  Mathers:    About  20°. 

H.  C.  Chapix  :  I  suppose  that  the  temperature  would  have 
a  considerable  influence  upon  the  deposit  and  that  tin  deposited 
at  a  temperature  below  20  °  would  be  the  grey  modification. 

F.  C.  Mathers  :  These  samples  were  deposited  at  room  tem- 
perature which  would  be  above  the  200.  It  would  be  interesting 
to  try  an  experiment  at  a  temperature  lower  than  the  transition 
point.     I  shall  try  it. 

O.  P.  Watts  ( Communicated)  :  Experiments  with  tin  per- 
chlorate  carried  out  by  Mr.  E.  A.  Richardson  at  the  University 
of  Wisconsin  in  1910  gave  results  similar  to,  or  possibly  slightly 
more  satisfactory  than  those  reported  in  this  paper.  The  experi- 
ments were  tried  in  the  hope  of  finding  a  bath  which  would  yield 
a  good  deposit,  and  at  the  same  time  show  better  anode  corrosion 
than  the  well-known  pyrophosphate  solution.  A  bath  was  pre- 
pared by  electrolyzing  with  tin  anodes  a  strong  solution  of  per- 
chloric acid,  containing  also  some  sodium  chlorate  and  sodium 
chloride.  The  deposit  obtained  from  this  bath  was  of  a  dull 
grey  color,  and  at  14  amperes  per  square  foot  became  crystalline 
in  three  hours.  The  addition  of  0.4  gram  of  dextrine  per  liter 
improved  the  deposit  somewhat,  and  no  trees  or  nodules  formed 
in  three  hours  electrolysis  at  29  amperes  per  square  foot,  although 
the  deposit  developed  a  finely  crystalline  structure.  An  hour's 
deposit  seemed  to  be  the  maximum  for  a  fairly  smooth  plate. 

F.  C.  Mathers:  The  deposits  obtained  by  Dr.  Watts  are 
typical  of  ours.  In  many  cases  the  deposits  seemed  good  for  a 
short  time,  after  which  the  crystals  became  more  and  more 
prominent.  Addition  agents  had  less  influence  in  restraining  the 
formation  of  crystals  on  tin  cathodes  than  in  the  case  of  any 
other  metal  that  I  have  ever  tried  to  deposit. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
2.  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


THE  ELECTROLYTIC  INSULATION  OF  ALUMINUM  WIRE. 
By  C.  E.  Skinner  and  h.  W.  Chubb. 

Copper  has  always  been  the  most  largely  used  metal  for  the 
conduction  of  electrical  current  on  account  of  its  relatively  low 
cost ;  its  high  conductivity ;  its  superior  mechanical  characteristics 
and  the  ease  with  which  it  may  be  worked.  For  equal  resist- 
ances and  equal  lengths  of  conductors,  the  cost  of  different  kinds 
of  metallic  wires  would  be  approximately  proportional  to  the 
product  of  the  specific  resistance  and  the  cost  of  the  metal  per 
unit  volume.  At  present  on  this  basis,  iron  and  aluminum  would 
be  cheaper  than  copper.  When  the  problem  is  that  of  getting 
the  maximum  conductance  in  a  given  space,  silver  is  the  only 
metal  which  is  better  than  copper,  but  the  cost  of  this  metal  is 
prohibitive  in  practically  all  applications  of  this  nature. 

The  following  table  shows  the  relative  cost  of  a  number  of 
the  more  common  metals  for  equal  resistances  and  equal  lengths 
of  conductors,  also  the  relative  cross-section  for  equal  conduc- 
tance.   In  both  cases  copper  is  taken  as  the  unit : 

Cost  of  Equal  Cross-Section 

Metal  Resistance  Per  for  Equal 

Unit  Length  Conductivity 

Iron     46  6. 1 

Aluminium    67  1.6 

Copper    1. 00  1.00 

Zinc     1.05  3.6 

Lead    4.30  12.0 

Tin    1790  6.0 

Nickel     29.4  7.2 

Silver    64.2  .95 

It  will  be  seen  from  the  above  table  that  where  the  space 
occupied  by  the  conductor  is  not  a  governing  factor  either  iron 
or  aluminum  will  be  cheaper  than  copper,  and  both  of  these 
metals  are  not  infrequently  used  for  conductors  for  the  trans- 
mission of  current  on  pole  lines,  etc. 
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In  the  construction  of  electrical  machinery,  space  is  usually 
a  governing  factor,  and  copper  has  been  found  more  suitable  in 
every  way  than  the  other  metals.  Copper,  however,  requires — 
for  coil  work — a  certain  amount  of  insulation  having  a  definite 
thickness  (it  depending  upon  the  conditions  of  application),  and, 
consequently,  in  the  average  coil  the  total  percentage  of  copper 
in  the  cross-section  of  the  coil  is  reduced  by  the  insulation  re- 
quirements. In  coil  winding,  the  thickness  of  the  insulation  on 
individual  turns  does  not  vary  greatly,  as  a  rule,  regardless  of 
the  size  of  wire  used.  Consequently,  the  percentage  of  copper 
to  insulation   decreases   rapidly  as  the  size  of  wire  is  reduced. 

It  is  evident  that  any  gain  in  the  efficiency  of  the  conducting 
material  must,  therefore,  be  obtained  by  increasing  the  con- 
ductivity or  decreasing  the  thickness  of  the  insulation.  The 
authors  have  found  that  it  is  possible  to  produce  an  insulating 
coating  on  the  surface  of  aluminum  wire  which  is  so  extremely 
thin  that  on  many  of  the  smaller  sizes  of  wires  it  is  possible  to  get 
a  higher  space  efficiency,  so  far  as  the  conducting  material  is 
concerned,  in  a  coil  with  aluminum  than  with  copper,  even  when 
the  thinnest  possible  insulation  is  applied  to  the  copper. 

The  skin  or  thin  layer  of  natural  oxide  which  is  so  objection- 
able in  the  soldering  of  aluminum  is  a  non-conductor  of  high 
dielectric  strength  and  for  several  years  engineers  have  been 
trying  to  strengthen  the  film  of  oxide  so  that  it  could  take  the 
place  of  the  fibrous  insulation  ordinarily  used  on  copper  wire. 
Robt.  Hopfelt  and  others  in  1906  and  1907  showed  that  coils  of 
bare  aluminum  wire  could  be  used  to  wind  magnet  coils,  solenoids, 
etc.  The  wire  after  being  wound  was  soaked  and  then  heated 
by  passing  current  through  the  coil.  This  process  would  form 
an  oxide  which  was  said  to  withstand  a  potential  as  high  as  0.5 
volt,  and  if  formed  between  all  adjacent  turns  of  the  layers  of 
the  winding  and  with  insulation  between  layers,  this  type  of  coil 
could  be  used  as  an  economical  substitute  for  copper  coils. 

Early  in  1907  the  authors  devised  a  method  of  strengthening 
the  coating  by  means  of  an  electrolytic  action  which  produced  a 
coating  of  many  times  the  dielectric  strength  of  the  coatings  which 
had  been  obtained  by  former  methods.  It  was  found,  however, 
that  the  successful  production  of  an  insulating  coating  which 
would  withstand  a  potential  of  500  volts  and  which  proved  to  be 
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exceedingly  thin  and  which  was  indestructible,  so  far  as  tempera- 
ture is  concerned,  was  but  the  first  stage  in  a  research  looking 
to  the  production  of  commercially  satisfactory  coils  for  electrical 
apparatus. 

It  was  found  that  in  the  problem,  as  a  whole,  there  was  involved 
the  question  of  making  joints  in  the  wire  itself ;  the  question  of 
joining  leads  to  the  aluminum  wire  which  could  be  satisfactorily 
soldered,  as  in  the  copper;  the  question  of  winding  of  the  coils 
which  were  found  to  require  different  treatment  from  the  ordi- 
nary coils ;  the  question  of  securing  proper  grades  of  wire ;  and 
many  other  details  which  had  to  be  taken  into  account. 

In  the  following  we  propose  to  confine  ourselves  mainly  to 
those  points  which,  we  believe,  would  be  of  particular  interest 
to  the  members  of  this  Society. 

It  is  well  known  that  aluminum  as  an  anode  in  the  solutions 
of  certain  salts,  polarizes  or  films  with  a  coating  which  tends  to 
prevent  the  flow  of  current  from  the  electrode  to  the  electrolyte. 
The  polarization  voltage  between  the  electrolyte  and  aluminum 
builds  up  to  a  certain  critical  value,  dependent  upon  the  salt 
dissolved,  the  density,  temperature,  former  history -of  the  solu- 
tion, etc. 

Several  explanations  of  the  nature  and  cause  of  this  action 
have  been  put  forth  at  various  times.  One  theory  assumes  it  to 
be  a  counter  e.m.f.  produced  by  charge  similar  to  the  action  in 
the  storage  battery.  Another  theory  states  that  a  gas  film  is 
formed  between  the  metal  and  the  oxide  film  which  is  under  high 
pressure  because  of  the  electrostatic  attraction  and  therefore  of 
high  dielectric  strength.  The  action  of  the  film,  however,  seems 
to  indicate  a  film  of  alumina  which  is  very  thin,  of  high  dielectric 
strength,  and  high  specific  capacitance.  Nascent  oxygen  formed 
by  the  passage  of  current  from  any  hole  or  local  weak  area  of  the 
oxide  film  would  oxidize  more  metal  at  that  point  and  increase 
the  thickness  of  the  insoluble  compound.  In  this  way  the  film  is 
built  to  a  uniform  strength  all  over  the  surface  of  the  anode. 

After  such  a  film  is  formed  the  anode  may  be  withdrawn  from 
the  electrolyte,  washed,  and  when  dry  will  be  found  to  have  a 
dielectric  strength  approximately  equal  to  the  voltage  at  which 
it  was  formed.  This  film  after  drying  is  the  same  as  the  insula- 
tion now  used  on  the  bare  aluminum  wire.     The   development 
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of  the  process  of  insulating  wire  in  this  way  went  through  several 
stages,  some  of  which  will  be  covered  briefly. 

Process  of  Insulating. — Coils  wound  and  then  treated  by  water 
and  heat  were  found  to  be  full  of  short  circuits  unless  wound 
rather  loosely  and  carefully.  So  from  the  first  it  was  thought 
that  the  wire  should  be  insulated  before  winding. 

The  first  process  of  insulating  by  electrolysis  consisted  in 
winding  the  wire  into  skeins,  dipping  them  into  the  electrolyte, 
and  after  treatment  and  subsequent  washing,  the  wire  was  wound 
into  finished  coils.  This  method  was  rather  expensive  because 
of  the  additional  handling,  rewinding  and  the  great  amount  of 
power  required  for  treatment.  To  prevent  arcing  and  consequent 
roughening  of  the  wire,  the  current  had  to  be  fed  into  the  skein 
through  the  two  ends.     The  area  of  fresh  wire  presented  to  the 


Fig.  1. 


electrolyte  was  large  and  a  high  current  density  could  not  be 
used  because  the  leads  of  the  skein  would  be  fused  with  the  high 
current.  The  film  therefore  had  to  be  formed  slowly  with  an 
increased  expenditure  of  energy  and  time.  In  the  subsequent 
development  continuous  methods  were  employed  in  which  the 
wire  as  an  anode  was  drawn  through  a  bath  of  electrolyte.  In 
the  first  continuous  process  the  wire  was  drawn  into  and  out  of 
the  bath  over  wooden  sheaves  and  the  current  fed  into  the  wire 
with  a  sliding  or  rolling  brush  at  the  entering  end.  The  greatest 
difficulty  with  this  arrangement  was  that  the  contact  which  fed 
the  current  to  the  wire  was  continually  sparking,  which  roughened 
and  burnt  the  surface.  Also,  the  current  being  fed  into  the  wire 
from  the  untreated  end  gave  the  highest  voltage  between  wire 
and  electrolyte  at  the  point  of  first  contact.  If 'the  current  could 
have  been   fed   in    from   the   outgoing   end   the   resistance   drop 
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through  the  wire  would  have  lowered  the  potential  between 
electrolyte  and  wire  at  the  incoming  end.  The  next  improve- 
ment upon  this  was  to  first  lead  the  wire  as  a  cathode  through 
an  additional  bath  (Fig.  1).  In  this  case  the  commutation  of 
the  current  was  satisfactory  but  the  high  voltage  at  first  contact 
still  gave  trouble.  The  travel  of  the  wire  was  reversed  in  some 
tests  which  gave  a  drop  through  the  wire  and  increasing  voltage 
during  the  passage  through  the  bath.  This,  however,  made  the 
wire  pass  through  the  last  bath  as  a  cathode  after  it  had  been 
insulated. 


Fig. 


In  the  third  method  the  voltage  between  wire  and  solution  at 
the  first  point  of  contact  was  lowered  by  having  a  resistance  drop 
in  a  column  of  electrolyte  flowing  from  the  bottom  of  the  treating 
tank  (Fig.  2).  Another  method  consisted  in  drawing  the  wire 
several  times  around  a  large  laminated  core  in  which  an  alter- 
nating flux  was  maintained.  By  this  method  two  wires  entered 
at  low  voltage  and  the  potential  increased  with  each  turn  around 
the  core. 

In  all  of  the  above  continuous  methods  of  treating,  the  wire 
was  hardened  bv  the  passage  around  so  many  sheaves  so  that  a 
straight  through  method  as  shown  in  Fig.  3  was  tried  and  found 
to   give   very   satisfactory    results.      Five    tanks    arranged    in    a 
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straight  line  were  used.  The  first  and  last  contained  hot  water 
for  washing  and  the  middle  three  electrolyte.  The  wire  passed 
from  tank  to  tank  through  glass  tubes  and  the  solutions  were 
kept  apart  by  blowing  air  through  a  tube  sealed  to  the  center  of 
the  connecting  tubes.  In  this  method  there  was  again  no  column 
of  electrolyte  at  the  point  of  entrance  and  it  was  at  first  necessary 
to  form  the  coating  in  two  steps,  of  200  and  400  volts  respectively. 
This  was  superseded  by  the  present  method  in  which  the  wire 
also  goes  straight  through  and  the  increase  in  voltage  is  again 
established  through  a  small  weir  and  spout  through  which  the 
wire  enters.  This  latest  apparatus,  a  detail  of  which  is  shown 
in  Fig.  4,  has  the  additional  advantage  of  allowing  the  removal 
and  starting  of  the  wire  without  threading  through. 


Fig.  3. 

Electrolytes. — Several  electrolytes  were  used  and  they  gave 
quite  different  results.  The  principal  differences  were  the  amounts 
of  current  and  energy  required  to  bring  the  wire  up  to  voltage 
and  the  possible  speed  with  which  the  wire  could  be  run  through 
the  bath.  Solutions  of  borax,  ammonium  borate  and  sodium 
silicate  were  the  best,  the  last  being  the  best  of  the  three. 

Speed  of  Treating  and  Energy  Required. — It  was  found  that 
less  energy  was  required  per  unit  of  surface  if  a  high  current 
density  was  used,  and  the  voltage  brought  up  quickly.  The 
speed  and  current  density  were  limited  in  the  case  of  small  wires 
by  the  fusing  of  the  wire  between  the  tanks,  and  with  the  large 
wires  by  the  limited  capacity  of  the  generator  used  in  the  experi- 
mental work.  The  speed  of  treating  wire  varied  from  40  to  150 
feet  per  minute  for  the  different  sizes  of  wire  used  and  the  con- 
sumption of  energy  was  from  0.15  to  0.80  watt  hours  per  square 
inch  of  surface  treated. 

Properties  of  the  Coating. — The  insulation  formed  by  the  above 
processes  is  a  thin  film  of  alumina  which  is  smooth  and  iridescent 
or  abrasive  and  white.     The  smooth  films  form  with  a  greater 
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expenditure  of  energy  and  in  inferior  electrolytes.  The  white 
film  formed  in  sodium  silicate  at  about  425  volts  is  rather  smooth 
to  the  touch  but  so  abrasive  that  it  cuts  and  grinds  the  hand 
while  coil  winding.  In  some  cases  this  treated  wire  running 
through  the  hand  of  the  winder  has  cut  through  the  skin  and 
into  the  flesh  before  discovery. 


Fig.  4. 

Wire   as  cathode  passing  through   left-hand   tank,   then   through   right-hand   tank,    where 

it   is   treated   as   anode.      Light   streaks   in    right-hand  tank   are   difft acted 

images   of   luminescent   wire    anode. 


The  dielectric  strength  is  far  superior  to  the  oxide  coat  formed 
by  the  former  methods,  for  instead  of  standing  a  maximum  of 
0.5  volt  two  wires  electrolytically  treated  and  twisted  tightly 
together  without  abrasion  will  stand  from  200  to  500  volts. 

The  thickness  of  the  film  is  apparently  variable.  Tests  of 
change  in  diameter  of  wire  before  and  after  treating  and  tests 
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of  reduction  in  metal  section  by  resistance  measurements  before 
and  after  treating  show  the  coating  to  be  from  o.oooi  to  0.0004 
inch  (0.00025  to  0.00 1  cm.)  thick. 

On  account  of  the  thinness  of  the  film  it  is  quite  flexible  and 
does  not  open  or  appreciably  weaken  by  sharp  bends  and  kinks 
in  the  wire.  Soft  wire  can  be  stretched  30  percent  of  its  length 
without  apparently  injuring  the  insulation.  Two  wires  at  a 
potential  difference  of  250  volts  can  be  crossed  and  pressed 
together  at  the  intersection  until  the  wires  are  dented  to  such  an 
extent  that  the  intersection  is  no  thicker  than  a  single  wire.  If 
there  is  no  relative  motion  between  the  surfaces  in  contact  the 
insulation  will  not  break  down  but  the  slightest  movement  of 
one  of  the  wires  will  cause  a  grinding  between  the  surfaces 
which  will  at  once  cause  a  short  circuit. 

The  insulating  coating  is  fire-proof  and  has  sufficient  strength 
mechanically  to  support  the  wire  in  small  coils  when  the  metal 
is  above  the  melting  point.  Small  coils  run  with  the  wire  molten 
will  fall  to  pieces  if  the  current  is  suddenly  stopped,  but  if  the 
current  is  gradually  lowered  the  metal  will  solidify  and  remain 
intact. 

Application  of  the  Wire. — Electrolytically  insulated  aluminum 
wire  is  suitable  for  many  classes  of  work  requiring  wires  of 
relatively  small  size  where  the  insulation  requirements  are  not 
excessive  and  particularly  where  temperature  requirements  are 
severe.  The  very  small  sizes,  No.  30  B  &  S  Gauge  and  smaller, 
cannot  be  satisfactorily  used  on  account  of  the  difficulty  in  draw- 
ing the  wire  and  in  subsequent  handling.  In  the  very  large 
sizes  there  is  no  advantage  in  the  use  of  aluminum  wire  where 
the  space  is  restricted.  This  wire  has  been  found  particularly 
advantageous  for  use  in  coils  which  require  light  weight  and 
which  are  subjected  to  relatively  high  temperatures,  provided 
the  insulation  requirements  on  the  individual  wires  are  not  exces- 
sive. The  weight  of  an  aluminum  wire  coil  is  from  40  to  50 
percent  of  that  of  the  equivalent  copper  coil.  The  thermal  capac- 
ities of  the  two  types  of  coils  are  practically  the  same  and  the 
temperature  co-efficients  are  equal.  The  heat  dissipation  through 
the  aluminum  coil  is  found  to  be  slightly  better  than  the  equi- 
valent copper  coil. 

While  this  new  wire  has  limitations,  it  has  a  decided  sphere 


INSULATION  OF  ALUMINUM   WIRE.  1 45 

of  usefulness,  which  will  probably  be  greatly  extended,  particu- 
larly in  the  event  of  the  ratio  between  the  base  prices  of  aluminum 
to  copper  being  decreased. 


DISCUSSION. 

\Y.  R.  MoTT  :  About  seven  years  ago  I  was  rather  interested 
in  the  aluminum  anode  properties  in  various  solutions,  and  at 
that  time  I  conceived  the  idea  of  coating  the  aluminum  coiled 
wire  with  the  electrolytic  film  and  filed  an  application  for  a 
patent  in  the  United  States  Patent  Office.  The  application  was 
filed  a  few  months  prior  to  the  filing  of  the  Westinghouse  appli- 
cation. We  lost  out  in  the  interference  owing  to  the  fact  that  the 
Westinghouse  Company  had  reached  a  practical  stage  in  the 
development  of  the  process  before  we  filed  our  application. 

Speaking  of  this  sodium  silicate  coating,  away  back  in  the 
history  of  the  art,  some  sixty  years  ago,  Becquerel  worked  with 
sodium  silicate  at  fairly  high  voltages  to  form  films  on  aluminum. 

The  problem  of  measuring  the  thickness  of  these  films  is  very 
difficult. 
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H.  M.  Hall:  This  paper  has  been  particularly  interesting 
to  me  since  I  recently  conducted  a  few  experiments  along  similar 
lines,  having  occasion  to  produce  an  insulating  coating  on  square 
aluminum  wire.  As  you  can  understand,  the  use  of  a  process 
of  this  kind  is  more  of  a  problem  in  the  case  of  square  wire 
than  it  is  in  the  case  of  round  wire,  on  account  of  the  fact  that 
it  is  more  difficult  to  get  a  coating  on  the  sharp  edges  which  will 
maintain  itself  and  not  break  down,  due  either  to  mechanical 
abrasion  or  a  little  extra  high  voltage.  I  would  ask  Mr.  Skinner 
if  he  has  ever  tried  this  process  on  square  wires.  I  found  that 
I  had  to  draw  the  wire  with  edges  rather  blunt.  It  was  still 
square  but  the  edges  were  considerably  rounded. 

Has  Mr.  Skinner  tried  this  process  with  alternating  current 
instead  of  direct  current?  With  alternating  current  at  25  cycles 
and  a  current  from  25  to  50  amperes  on  a  Xo.  16  square  wire, 
using  a  sodium  silicate  solution,  we  were  able  to  get  very  satis- 
factory results,  and  produce  a  highly  insulating,  desirable  coat- 
ing. I  believe  these  coatings,  however,  are  very  largely  aluminum 
silicate,  in  the  case  of  the  sodium  silicate  electrolyte ;  there  is  also 
probably  a  good  deal  of  alumina  present. 

From  Mr.  Skinner's  paper  I  gather  that  the  wires  being  coated 
carry  such  a  high  current  that  they  are  appreciably  heated.  If 
that  is  the  case  would  it  not  be  likely  to  be  injurious  if  the  wire 
is  furnished  on  certain  definite  specifications  and  is  heated  enough 
during  the  process  to  change  the  properties  and  strength  of  the 
wire  ? 

C.  E.  Skinner:  Ordinarily  we  use  direct  current  because  of 
the  better  control  and  higher  treating  efficiency,  so  that  these 
figures  refer  to  direct  current. 

We  have  done  some  coating  of  square  wires,  but  it  is  a  funda- 
mental principle  in  electrical  work  not  to  use  wire  having  square 
corners  for  windings.  We  must  have  round  corners  or  we  get 
into  other  troubles,  so  we  have  not  experienced  difficulty,  as  we 
do  not  coat  wires  having  sharp  corners. 
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The  question  of  the  use  of  alternating  current  for  coating 
wire  is  covered  in  the  paper  (page  141). 

The  physical  properties  of  the  wire  after  treatment  have  not 
been  studied  for  the  reason  that  for  the  use  we  have  been  making 
of  the  wire,  we  have  required  practically  dead  soft  wire  to  start 
with.  We  want  the  soft  wire  for  easy  winding  and  for  high 
conductivity.  Whether  or  not  the  heat  is  sufficient  to  affect 
seriously  the  physical  properties  of  hard  wire  we  do  not  know. 
With  some  of  the  electrolytes,  the  temperature  of  formation  is 
lower  and  the  process  could  probably  be  applied  without  affecting 
hard  drawn  aluminum  wire. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  X  iagara  Falls,  October 
?,  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


ELECTRO-PERCUSSIVE  WELDING. 

By  C.  E.   Skinner  and  I<.  W.  Chubb. 

Introduction. — The  soldering  and  welding  of  aluminum  has 
always  given  trouble  and  the  satisfactory  joining  of  small  wires 
has  been  very  difficult  if  not  impossible. 

In  the  last  few  years,  the  substitution  of  aluminum  wire  for 
copper  wire  has  demanded  a  good  means  of  joining  aluminum 
and  the  electro-percussive  method  of  welding  was  developed 
primarily  for  this  purpose  after  a  very  thorough  investigation 
into  the  available  methods  of  soldering  and  welding  of  aluminum. 
Several  other  special  applications  of  the  method  are  now  made 
and  the  future  field  of  application  seems  sufficiently  promising 
to  justify  a  description  of  this  new  process,  which  will  weld 
practically  any  two  metals  whether  alike,  or  different,  of  high 
or  low  melting  point,  or  of  unequal  thermal  conductance. 

Welding  Aluminum. — With  aluminum  the  natural  oxide,  which 
always  covers  the  surfaces  of  the  two  pieces  to  be  welded,  pre- 
vents the  metal  from  flowing  together  after  the  ends  have  been 
melted  in  the  usual  way.  Large  wires  and  rods  of  aluminum 
can  be  welded  by  melting  the  metal  under  the  oxide  film  and 
then  suddenlv  pushing  the  ends  of  the  two  pieces  together.  This 
breaks  the  oxide  films,  allows  the  clean  metal  to  flow  together, 
and  at  the  same  time  washes  away  the  broken  pieces  of  oxide  in 
a  surplus  of  molten  metal.  Small  wires  cannot  be  joined  satis- 
factorily by  this  method,  or,  in  air  by  any  other  prolonged  heat- 
ing method,  because  of  the  skill  required  and  also  because  such 
joints  in  small  wires,  if  made,  are  oxidized  to  such  an  extent 
that  they  are  brittle  and  weak. 

Electro-Percussive  Welding. — In  1905,  while  experimenting 
with  electrolytic  condensers  and  rectifiers,  one  of  the  authors 
noticed  that  wires  could  be  connected  to  the  aluminum  plates  by 
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the  condenser  spark  when  the  cells  were  discharged.  It  was 
noticed  that  copper  wires  could  be  attached  to  aluminum  or  that 
two  pieces  of  aluminum  could  be  joined  together  by  the  con- 
denser spark.  This  was  of  course  only  a  feeble  welding  of  the 
metals  for  temporary  connections.  But  later  on,  while  working 
with  aluminum  wire,  the  demand  for  a  welding  method  and  a 


Fig.  i. 

•careful  theoretical  consideration  of  what  happened  in  the  early 
tests  with  electrolytic  condensers  made  it  appear  worth  while  to 
try  out  the  method  of  welding  on  a  larger  scale  with  a  condenser 
discharge. 

From  the  first,  the  same  principle  of  a  simultaneous  condenser 
discharge  and  percussive  engagement  has  been  used,  but  during 
the  tests  and  development  of  welding  tools  it  was  found  that  the 
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best  results  depend  upon  several  variables,  such  as  the  condenser 
capacitance,  the  velocity  and  force  of  impact,  the  voltage,  and 
the  resistance  and  inductance  in  circuit.  The  first  apparatus  con- 
sisted of  two  hinged  arms  with  wire  grips  in  their  ends.  Wires 
placed  in  the  grips  were  connected  to  the  terminals  of  a  charged 
electrolytic  condenser.  These  arms,  upon  release,  were  drawn 
together  with  a  rubber  band  and,  at  the  instant  of  contact,  the 
explosive  condenser  discharge  and  the  forge  would  weld  the 
ends  together.  This  apparatus  was  not  very  satisfactory  as  it 
did  not  allow  separate  study  of  the  effect  of  variation  of  velocity, 
momentum,  kinetic  energy,  etc.  So  a  second  apparatus  was 
built  similar  to  a  pile  driver,  with  one  stationary  and  one  moving 
wire  grip.  With  this  arrangement  the  forge  and  velocity  could 
be  varied  independently  by  the  separate  adjustment  of  the  drop 
and  mass  of  the  moving  part.  Other  welding  tools  have  been 
designed  in  which  springs  have  been  used  to  shoot  the  wire  grips 
together  horizontally;  however,  these  have  not  been  as  satisfac- 
tory as  the  gravitational  type. 

Process  of  Welding. — Fig.  I  shows  a  portable  tool  of  the 
gravitational  type  set  to  attach  a  copper  lead  wire  to  a  coil  of 
aluminum  wire.  The  welding  circuit  (Fig.  2)  consists  of  a 
direct  current  line,  or  a  generator  (G)  which  charges  an  electro- 
lytic condenser  (C)  through  a  high  resistance  (R).  Ajustment 
of  the  voltage  of  the  charged  condenser  is  obtained  by  field  con- 
trol of  the  generator  or  by  varying  the  resistors  R  and  R'.  The 
wires  (WW)  to  be  welded  are  secured  in  the  wire  grips  of  the 
welding  tool  which  are  connected  to  the  terminals  of  the  con- 
denser through  an  inductance  (L)  of  from  2  to  10  turns  of  cable. 
A  spring  switch  (S)  with  carbon  contacts,  normally  held  closed, 
is  connected  across  the  jaws  of  the  welder  so  that  their  potential 
difference  will  be  zero  while  the  wires  are  being  put  in  or  the 
finished  product  is  being  removed.  The  welder  is  connected  to 
the  auxiliary  apparatus  by  means  of  long  flexible  cables  which 
allow  welding  within  a  radius  of  about  50  feet  without  moving 
the  condenser  and  other  heavy  apparatus. 

The  process  of  welding  is  as  follows :  The  wires  are  secured 
in  the  wire  grips  and  the  ends  cut  off  as  short  as  possible  with 
a  suitable  pair  of  cutters.  The  switch  (S)  is  then  opened  which 
charges  the  condenser   to  the   proper   voltage,   a   catch   is   then 
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released  which  lets  the  sliding  member  fall  and  bring  the  ends  of 
the  two  wires  into  percussive  engagement.  At  the  instant  of 
contact,  the  short  circuit  current  of  the  condenser  builds  up  to 
such  a  value  that  the  ends  of  the  wire  are  melted  by  the  explosive 
discharge  and  instantly  forged  together  by  the  blow  of  the  falling 
mass.  The  weld  is  then  complete  and  after  being  removed  from 
the  machine  will  be  found  to  have  the  strength  of  the  original 
wire. 

The  generation  of  the  heat  is  so  localized,  so  sudden  and  so 
intense,  that  there  is  no  time  for  unequal  heat  conduction  through 
the  shanks  of  the  wire  and  the  ends  will  be  melted  and  even 


Fig.  2. 


vaporized  whether  the  melting  point  is  high  or  low.  For  this 
reason  metals  of  different  kinds  can  be  welded  together  indepen- 
dent of  their  electrical  resistance,  melting  point  or  heat  conduc- 
tance. Any  combination  of  metals  which  has  ever  been  tried 
will  weld  together,  but  the  joints  will  not  be  permanent  with  such 
combinations  as  aluminum  and  tin,  or  lead  and  iron. 

The  generation  of  heat  at  the  point  of  contact  depends  upon 
having  an  appreciable  resistance  offered  to  the  current  between 
the  wire  ends,  and  it  is  therefore  necessary  to  cut  the  ends  of 
the  wires  in  such  a  way  that  they  will  make  a  point  contact 
preferably  at  the  center,  so  that  the  energy  of  the  condenser  will 
vaporize  the  small  section  of  metal  and  wet  the  rapidly  approach- 
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ing  surfaces  with  the  intense  heat  of  the  arc.  To  do  this  the 
wires  are  cut  with  ordinary  cutters  which  give  a  chisel  edge. 
The  two  wires  are  cut  off  in  such  a  way  that  the  two  chisel  edges 
are  at  right  angles  and  the  point  of  first  contact  will  be  at  the 
intersection  at  the  center. 

The  time  between  the  first  contact  and  the  finished  weld  is  of 
such  short  duration  that  the  exact  action  cannot  be  recorded  but 
is  supposed  to  be  about  as  shown  in  Fig.  3.  In  (a)  the  wires 
are  approaching  at  a  velocity  of  from  65  to  200  cm.  per  second. 

(b)  shows  the  first  contact  at  which  time  the  current  begins  to 
build  up  and  heat  the  small  section  of  metal  carrying  the  current. 

(c)  shows  the  wire  ends  again  separated,  not  by  appreciably 
retarding  or  reversing  the  motion  of  the  upper  wire  but  by 
melting  and  vaporizing  the  metal  which  first  touched  together. 

(d)  shows  the  wire  chucks  closer  together  but  the  arc  still  burn- 
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ing  between  the  wires.  At  (e)  the  second  contact  has  been  made, 
the  arc  extinguished  and  the  forge  of  the  metal  has  begun. 
(/)  shows  the  completed  weld  after  the  upper  chuck  has  come 
to  rest  and  the  forge  is  complete. 

The  curves  of  Fig.  4,  drawn  to  scale,  show  the  current  through 
and  the  voltage  across  the  weld  during  the  operation  of  welding 
a  No.  18  B  &  S  gauge  wire.  These  curves  were  taken  directly 
from  an  oscillogram,  and  the  power  or  product  curve  has  been 
figured  and  drawn  in.  Electrically  the  weld  is  complete  in  0.0012 
second  and  although  23  kilowatts  are  being  dissipated  between 
the  ends  of  the  wire  at  a  certain  instant,  the  total  energy  used 
at  the  weld  is  only  0.00000123  kilowatt  hour  or  enough  to  lighr 
an  ordinary  50  watt,  16  candle  power  lamp  for  0.09  second.  The 
cost  of  this  amount  of  energy  at  10  cents  per  kilowatt  hour  would 
be  12  millionths  of  a  cent.  The  letters  a,  b,  c,  d,  e,  f,  have  been 
placed  along  the  time  axis  of  Fig.  4  to  approximately  indicate 
the  time  corresponding  to  the  various  views  in  Fig.  3. 
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It  will  be  noticed  that  the  watt  curve  is  oscillatory  and  that  the 
negative  values  would  indicate  a  return  of  stored  energy.  Such 
a  thing  would  be  impossible  from  a  metallic  arc  but  can  be  ex- 
plained by  saying  that  the  voltage  was  measured  above  and  below 
instead  of  between  the  wire  chucks,  and  the  storage  and  return 
of  energy  is  from  the  magnetic  flux  produced  in  the  steel  chucks 
set  up  by  the  current  of  500  amperes  flowing  through  them. 

The  electrolytic  condenser  has  high  absorption  if  the  current 
through  it  is  reversed  in  an  attempt  to  change  its  polarity.     For 


\ 

Volts. 

1 

L 

n 

r 

x 

1 

ISO 

140 

art 

-<: 

1 

v 

^u 

rer 

— + 

Sol 

■a. 

te 

1  ,■ 

T.jr 

r& 

nf 

0 

fy 

20 

< 

< 

1 

( 

J> 

i 

: 

J 

\ 

iOCK 

3 

J  c 

01 

-0 

CIS 

-0 

OJ 

■0 

OZi 

00s 

24001  Waffs 

23000 
21000 
11000 

10000 

10000 
18000 
ITOOO 
16000 
15000 
1*000 
I30OO 
12000 
1000 

10000 

9000 
8000 
7000 
6000 
SOOO 
4-000 
5000 
2000 
1000 


1000 
2000 
3000 


500 
400 
300 
200% 
'00  b 

200 
soo 


Time  iit  Seconds 


FlC.  4. 


this  reason  any  tendency  toward  an  oscillatory  discharge  will  be 
quickly  damped  by  the  internal  losses  of  the  condenser  and  the 
energy  of  the  charge  will  be  partly  lost. 

Enough  resistance  cannot  be  maintained  at  the  weld  to  suffi- 
ciently prolong  the  current  and  heating  until  the  final  contact, 
and  the  very  high  frequency  oscillation  due  to  the  small  induc- 
tance of  the  circuit  will  cause  an  explosive  snap  at  the  weld, 
the  current  will  suddenly  be  damped  by  the  absorption  of  the 
condenser,  the  arc  will  go  out  before  final  contact,  and  the  wires 
will  not  be  hot  enough  to  form  a  good  weld.    In  order  to  maintain 
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the  arc  until  final  contact  it  is  therefore  necessary  to  lower  the 
frequency  of  the  discharge,  and  prevent  the  sudden  rise  of 
current  at  the  first  instant  of  contact  by  inserting  additional 
inductance  in  the  discharge  circuit.  This  inductance  prevents 
the  explosive  and  wasteful  discharge,  prolongs  the  current,  and 
apparently  maintains  the  heating  until  final  contact  is  effected. 
The  inductance  will  of  course  increase  the  tendency  toward 
oscillation  and  although  the  total  energy  dissipated  at  the  weld 
may  be  diminished,  it  is  more  efficiently  used  and  not  wasted  in 
noise  or  thrown  out  in  metallic  vapor. 

The  equations  expressing  this  interesting  transient  are  not  as 
valuable  as  the  ear  in  telling  what  adjustments  are  best  for  any 
particular  weld.  The  mass  and  drop  of  the  falling  chuck  must 
be  sufficient  to  slightly  forge  the  wire  and  then  all  that  is  neces- 
sary is  to  change  the  voltage  and  inductance  so  that  the  discharge 
sounds  like  a  splash  or  thud  instead  of  a  sharp  crack.  Generally 
the  operator  can  guess  at  the  settings  and  no  trials  need  be  made. 
When  the  same  work  is  to  be  repeated  the  machine  once  set  will 
make  a  perfect  weld  every  time,  and  the  rate  of  welding  will  be 
limited  only  by  the  mechanical  handling  of  the  product. 

The  new  process  has  some  distinct  advantages  over  the  usual 
methods  of  working  metals  and  is  especially  adopted  to  welding- 
small  sections  of  like  or  unlike  metals.  In  many  cases  a  saving 
of  expensive  material  can  be  effected,  in  other  cases  work  can  be 
done  which  cannot  be  done  by  other  methods;  joints  can  be  made 
without  overheating  the  metals,  and  the  welds  will  be  ductile 
and  strong. 

Properties  of  the  Weld. — Many  of  the  alloys  of  most  metals 
are  very  hard  and  brittle.  As  an  example  there  are  alloys  near 
both  ends  of  the  copper-aluminum  series  which  are  unworkable. 
and  yet  electro-percussive  welds  between  these  two  metals  are  so 
ductile  that  they  may  be  worked  in  a  die,  forged,  or  rolled  into 
thin  foil.  Any  alloy  formed  at  the  weld  must  range  from  ioo 
percent  copper  on  one  side  to  ioo  percent  aluminum  on  the  other ; 
but  possibly  the  brittle  combinations  are  so  thin  that  the  joint  as 
a  whole  is  flexible  and  ductile.  This  joint  between  aluminum 
and  copper  is  of  great  importance,  as  copper  lead  wires,  which 
solder  and  connect  easily,  can  readily  be  attached  to  aluminum 
coils.     At  first  it  was  feared  that  a  diffusion  of  the  two  metals 
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Fig.   5.     Aluminum  Wire. 


Fig.   6.     Aluminum   Wire. 
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in  service  would  finally  result  in  a  brittle  joint,  but  tests  show- 
that  after  four  years  the  joints  are  practically  as  strong  and 
ductile  as  when  first  made.  Similar  ductility  has  been  noted  in 
almost  every  combination  of  metals  when  first  welded,  but  dif- 
fusion, disintegration  and  loss  of  ductility  eventually  result  in 
such  welds  as  silver  to  tin,  or  aluminum  to  tin. 

Metals  which  are  either  hardened  or  softened  with  heating 
and  sudden  cooling  can  be  welded  together  without  appreciable 
change  in  the  physical  properties  of  the  material.  Tempered 
spring  steel  welded,  reduced  to  uniform  diameter,  and  tested  has 
shown  equal  or  greater  strength  at  and  near  the  weld  without 
any  noticable  change  in  temper.  Metals  such  as  hard  drawn 
copper,  silver,  aluminum,  etc.,  which  soften  with  heat  can  be 
welded  together  without  causing  any  local  annealing,  and  these 
metals  and  steel  when  soft  can  be  welded  together  without  detri- 
mental local  hardening. 

Several  possible  explanations  of  the  constancy  of  the  mechan- 
ical properties  before  and  after  welding  can  be  given.  First, 
such  sudden  heating  and  cooling  may  not  allow  change  in  mole- 
cular structure.  Second,  with  hard  steel,  the  heated  metal  at 
the  weld  is  so  suddenly  cooled  by  conduction  of  heat  into  the 
two  shanks  of  metal  that  it  is  again  hardened.  Third,  with  hard 
copper,  silver,  aluminum,  etc.,  the  heating  and  sudden  cooling 
would  ordinarily  soften  the  metal,  but  the  cold  forge  of  the 
blow  in  welding  possibly  hardens  it  again.  Fourth,  the  metal 
subjected  to  the  sudden  heat  cycle  may  be  hardened  or  annealed 
( depending  upon  the  characteristics  of  the  material  welded ) ,  but 
the  amount  of  material  affected  may  be  too  small  to  be  detected. 
As  an  example,  assume  a  Xo.  18  hard  drawn  aluminum  wire  to 
be  welded  together.  0.00123  watt  hour  or  1.06  small  calories  are 
dissipated  at  the  weld.  Assume  none  of  the  energy  lost  in  noise, 
radiant  heat  or  metallic  vapor,  and  one-half  of  the  total  propa- 
gated in  a  heat  wave  in  each  direction  along  the  wire.  It  can 
be  shown  mathematically  that  an  annealing  temperature  will  not 
be  reached  more  than  0.05  mm.  from  the  weld.  The  total  amount 
of  metal  softened  would  then  be  a  cylinder  0.1  mm.  long  and 
1.02  mm.  in  diameter.  A  soft  insertion  of  such  proportions  could 
hardly  be  detected.  Fig.  5.  showing  an  enlarged  section  of  such 
a  weld,  indicates  that  the  disc  of  changed  metal  is  only  about 
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o.qi  mm.  instead  of  o.i  mm.  thick  and  physical  tests  fail  to  show 
any  weakness  or  softness  at  the  weld  after  being  reduced  to  uni- 
form diameter  by  removing  the  surplus  metal  of  the  burr.  Fig.  6 
shows  a  recent  micrograph  of  a  similar  weld  made  three  years 
ago,  and  it  will  be  noted  that  the  line  of  the  weld  does  not  appear 
and  either  never  existed  or  has  disappeared  in  the  meantime. 


Fig.    7.     Al-Cu.     X  1000 


Fig.    8.     Al-Cu.     X  iooo 


/ 


/ 


Fig.  9.     Cu-Pt. 


Fig.   10.     Cu-Ag.     X  iooo 


In  welds  between  some  metals  diffusion  takes  place,  but  in  any 
of  the  useful  combinations  the  change  is  too  slight  to  affect  the 
ductilitv  of  the  weld.  The  welds  as  a  rule  show  only  a  sharp 
dividing  line  between  the  metals  but  there  is  often  an  inter- 
mingling of  the  two  at  or  near  the  center  for  a  very  short  dis- 
tance.  Figs.  7  and  8  show  a  new  weld  and  a  three-year-old  weld 
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between  aluminum  and  copper.  The  micrographs  were  taken 
at  the  irregular  point  in  the  weld.  Elsewhere  the  line  of  division 
is  sharp  and  rather  straight.  In  addition  to  the  small  irregularity 
of  the  dividing  line  some  spots  of  bright  material,  possibly 
aluminum-copper  alloy,  are  present  at  this  point,  but  do  not 
appear  at  other  points  in  the  weld.  Both  of  these  welds  are  so 
malleable  that  they  are  capable  of  being  rolled  into  thin  foil. 
Such  welds,  run  at  a  temperature  over  ioo°  C.  by  the  passage  of 
heavy  direct  current,  failed  to  show  sufficient  diffusion  to  affect 
their  mechanical  properties.  The  heating  current  was  main- 
tained for  weeks  and  tests  were  made  with  both  directions  of 
current  flow.  At  higher  temperatures  (red  heat)  there  was  a 
very  rapid  diffusion  of  the  metals  and  in  a  few  minutes  the  metals 
were  diffused  for  a  distance  of  2  or  3  inches. 

This  type  of  weld  offers  a  very  convenient  specimen  for  the 
study  of  the  diffusion  of  different  metals  at  different  temperatures 
and  under  various  other  conditions.  The  micrographs  of  Figs. 
9  and  10  show  copper-platinum  and  copper-silver  respectively. 
Both  of  these  welds  show  a  sharp  dividing  line  at  1,000  diameters 
and  the  weld  of  Fig.  9  is  three  years  old. 

It  is  evident  that  the  electrical  resistance  of  two  wires  welded 
together  will  not  be  appreciably  increased  by  the  small  film  of 
high  resistance  alloy  which  may  be  formed  in  welding.  Tests  of 
a  wire  of  85  alternate  pieces  of  aluminum  and  copper  joined  with 
84  welds  in  a  total  length  of  23.5  cm.  showed  an  increase  of 
0.56  percent  in  resistance  in  three  years.  This  test  was  made  to 
determine  whether  or  not  diffusion  would  occur.  The  increase 
is  small  and  may  be  due  to  a  change  in  the  joints  or  may  be  due 
to  error  of  observation  or  oxidation  of  the  wire.  The  sample 
was  recently  rolled  and  its  malleability  indicated  no  appreciable 
change. 

Applications. — While  the  development  of  this  welding  method 
was  brought  about  primarily  by  the  necessitv  for  the  successful 
joining  of  aluminum  wires  and  the  joining  of  copper  leads  to 
such  aluminum  wires,  it  is  evident  that  the  method  is  capable  of 
an  extremely  varied  application.  Since  metals  varying  as  widely 
in  characteristics  as  platinum  and  tin  may  be  easily  welded,  it 
follows  that  almost  any  metals  may  be  joined  where  the  joint 
is  -within  the  limits  of  the  capacity  of  the   welding  apparatus. 
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\\  bile  the  apparatus  up  to  this  time  has  been  made  only  for  the 
welding  of  wires,  0.072  inch  diameter  and  smaller,  the  applica- 
tion to  larger  sizes  is  merely  a  question  of  the  design  of  suitable 
apparatus.  Enough  has  also  been  done  to  show  that  welding 
other  than  the  welding  of  wires  may  be  successfully  accomplished ; 
as  for  example,  the  welding  of  points  to  plates  and  small  pieces 
to  irregular  shaped  objects  or  flat  surfaces. 

While  it  is  not  the  intention  of  this  paper  to  outline  the  possible 
applications  of  this  method,  it  may  be  said  that  electro-percussive 
welding  has  already  been  used  to  a  considerable  extent  in  the 
joining  of  aluminum  wires;  the  welding  of  copper  and  aluminum 
wire;  platinum  and  nickel;  platinum  and  copper;  and  the  welding 
of  various  types  of  thermo-couple  wires.  It  has  also  been  used 
for  the  reclamation  of  short  pieces  of  wires  of  various  kinds, 
such  as  aluminum,  platinum,  spring  steel,  etc. 

The  electro-percussive  method  is  suitable  for  many  applications 
in  the  jewelry  trade,  such  as  the  joining  of  platinum  without 
showing  any  solder  line;  the  welding  of  sterling  tips  to  table 
forks  without  annealing;  the  welding  of  pins  to  badges,  and 
many  other  similar  applications.  The  attachment  of  contact 
points  of  platinum,  tungsten,  silver,  etc.,  for  various  electrical 
purposes  is  also  very  readily  accomplished. 

In  conclusion,  the  authors  believe  that  the  electro-percussive 
method  of  welding  opens  up  a  wide  field  of  welding  hitherto 
impossible.  It  also  overlaps,  to  a  certain  extent,  some  of  the 
present  methods,  but  it  will  probably  never  supersede  the  existing 
methods  for  the  welding  of  very  large  sections. 


DISCUSSION. 

Jos.  W.  Richards:  Has  Mr.  Chubb  used  that  method  with 
thermo-couples  of  several  sizes? 

L.  W.  Chubb  :  Yes,  we  have  used  it  a  great  deal  with  thermo- 
couples of  various  types,  such  as  platinum,  platinum-rhodium, 
copper-constantan,  etc.  We  have  also  reclaimed  lots  of  short 
ends  of  platinum  and  platinum-rhodium  wire  by  welding  them 
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together.  The  couples  have  also  been  made  by  putting  the  two 
metals  together,  rolling  them  sideways  and  making  a  surface 
couple,  backed  with  felt. 

G.  A.  RoiUSH  :  Can  you  give  some  idea  of  the  cost  of  an 
apparatus  like  this? 

L.  W.  Chubb  :  I  could  not.  You  could  probably  tell  as  well 
as  I  how  much  it  would  cost  to  machine  these  parts  and  put  it  up. 
The  condenser  itself  is  very  cheap.  I  do  not  know  anything 
about  the  cost  end  of  the  business. 

G.  A.  Roush  :  Nothing  has  been  done  about  putting  it  on  the 
market? 

L.  W.  Chubb  :  Probably  steps  will  be  taken  to  market  the 
apparatus  very  soon  through  our  company  or  some  other 
company. 

M.  G.  Llovd  :  What  is  the  largest  sized  wire  you  have  welded 
so  far? 

L.  W.  Chubb:  A  No.  13  B  &  S  wire  we  have  tried  and  have 
chucks  for. 

Jos.  W.  Richards  :  Have  you  welded  together  a  metal  which 
has  as  high  a  melting  point  as  tungsten? 

L.  W.  Chubb  :  We  have  welded  tungsten  and  we  have  welded 
softer  metals  and  tungsten  together.  Tungsten  is  so  hard  you 
must  have  a  pretty  heavy  hammer  to  forge  the  metal  properly. 
We  have  not  made  a  machine  for  tungsten,  but  in  our  experi- 
ments we  have  found  it  would  weld. 

Jos.  W.  Richards  :  Would  a  malleable  metal,  like  zinc,  weld 
to  another  metal? 

L.  W.  Chubb  :  We  have  welded  zinc,  but  it  crushes  a  good 
deal ;  it  is  not  sufficiently  ductile  in  wire  form. 


A  piifcr  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
i,  1914,  President  F.  A.  Lidbnry  in  the 
Chair. 


SOME   EXPERIMENTS   ON  THE  QUANTITATIVE 
DETERMINATION  OF  RADIUM. 

By  Herman   Schlundt. 

The  accurate  determination  of  radium  in  radium-bearing  ores 
is  generally  conducted  by  the  emanation  method.  With  proper 
care  the  method  is  very  certain  and  delicate.  It  is  based  upon 
the  fact  that  the  gaseous  disintegration  product  of  radium,  the 
emanation,  can  be  completely  separated  from  radioactive  mate- 
rials, and  that  the  equilibrium  quantity  is  proportional  to  the 
content  of  radium.  The  minute  quantities  of  radium  emanation 
concerned  in  quantitative  determinations  of  this  kind  are  capable 
,pf  exact  measurement  by  electrical  methods.  The  emanation  is 
introduced  into  an  air-tight  electroscope  or  an  ionization  vessel 
connected  with  an  electrometer,  and  the  saturation  current  pro- 
duced, under  proper  conditions,  is  proportional  to  the  quantity 
of  radium  in  the  specimen  from  which  the  emanation  was  separ- 
ated. The  measuring  instruments  are  standardized  by  means  of 
known  quantities  of  emanation  from  a  standard  radium  solution, 
or  from  weighed  amounts  of  uraninite  or  some  other  uranium- 
bearing  mineral  not  of  secondary  origin,  whose  uranium  content 
is  known.  In  standardizing  electroscopes  by  the  latter  method 
the  radium  content  of  the  mineral  is  obtained  by  multiplying  its 
uranium  percentage  by  the  proportionality  factor  3.4  x  icr7. 

In  the  assay  of  radium  ores  the  complete  separation  of  the 
emanation  from  the  specimen  under  examination  is  of  course 
absolutely  essential  for  accurate  work.  The  collection  and  sub- 
sequent transfer  of  the  gas  is  largely  a  matter  of  careful  mani- 
pulation. The  work  of  various  investigators  has  shown  that 
heating  even  to  a  white  heat  rarely  expels  all  of  the  emanation 
from   solids.     The   emanation,  however,  is   completely  liberated 
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from  the  ore  by  dissolution  and  boiling.  For  substances  soluble 
in  water  or  acids  several  forms  of  apparatus  for  the  quantitative 
separation  of  the  emanation  have  been  described.1 

Rocks  and  minerals  that  do  not  dissolve  in  acids  upon  heating, 
or  are  only  partially  soluble  in  them,  require  different  treatment. 
One  of  the  standard  methods,  known  as  the  solution  method, 
consists  in  fusion  of  a  definite  quantity  of  the  material  with  four 
to  five  times  its  weight  of  mixed  carbonates  of  sodium  and 
potassium.  The  fused  mass  is  lixiviated  with  water  and  washed 
with  dilute  sodium  carbonate  solution.  The  insoluble  residue  is 
dissolved  in  dilute  hydrochloric  acid.  The  alkaline  and  acid 
solutions  are  placed  in  separate  flasks  which  are  corked.  On 
standing  for  a  month  the  equilibrium  quantity  of  emanation  is 
again  produced  by  the  radium  in  solution.  The  emanation  is  then 
separated  by  boiling,  and  transferred  to  an  emanation  electro- 
scope, and  after  three  hours,  when  the  activity  is  a  maximum,  the 
saturation  current  is  measured. 

Recently  Joly2  and  others  have  introduced  fusion  methods 
which  appear  to  be  more  reliable  than  the  solution  method.  The 
emanation  is  released  from  the  rock  by  fusing  it  with  a  suitable 
flux — mixed  carbonates  of  sodium  and  potassium  are  generally 
used — in  a  closed,  electrically  heated  furnace  at  a  temperature 
of  over  i,ooo°  C.  The  liberated  emanation  is  collected,  and  after 
being  freed  from  carbon  dioxide,  is  transferred  to  a  standardized 
electroscope  for  measurement. 

The  results  obtained  by  the  fusion  method  are  generally  higher 
than  the  values  by  the  solution  method.  In  the  solution  method 
it  is  difficult  to  avoid  the  formation  of  slight  precipitates  in  the 
solutions,  and  these  doubtless  cause  the  separation  of  some 
radium,  which  does  not  release  its  emanation  completely  upon 
boiling. 

An  electric  furnace  of  the  Joly  type  would  serve  very  well  for 
the  assay  of  radium  ores  that  are  not  completely  soluble  in  boiling 
acids,  and  it  would  be  particularly  well  suited  for  ores  of  very 
low  grade,  as  charges  of  thirty  grams  can  be  readily  fused  in  the 
ordinary  size  of  furnace.  The  furnace,  however,  is  of  special 
design,  a  large  platinum  crucible  is  required  as  well  as  heavy 

1  The   forms  of  apparatus  used  by   Strutt,   Boltwood,   McCoy,    Schlundt   and   Moore, 
are  illustrated  and  described  by  Randall,  Trans.  Am.  Electrochem.   Soc,  21,  463   (1912)- 
3  Joly,  Phil.  Mag.  22,   134   (19")- 
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platinum  wire  for  the  heating  resistance.  Various  electrical 
measuring  instruments  and  other  electric  accessories  are  desirable 
parts  of  the  equipment.  On  the  whole,  the  apparatus  of  Joly  is 
rather  expensive  equipment  for  an  assay  laboratory.  Our  experi- 
ments were  directed  toward  devising  and  testing  the  accuracy  of 
a  simple  fusion  method  for  the  assay  of  even  low-grade  radium 
ores,  that  can  be  conducted  with  inexpensive  apparatus. 

We  have  found  that  charges  as  large  as  twelve  to  fifteen  grams 
can  be  successfully  fused  in  hard  glass  test  tubes  made  of  com- 
bustion tubing  of  large  bore.  The  method  will  thus  serve  for  the 
determination  of  radium  in  very  low-grade  ores.  The  specimen 
of  carnotite  ore  used  in  our  experiments  had  a  radium  content 
equivalent  to  only  0.6  percent  uranium.  A  two-gram  sample  of 
the  ore  when  fused  with  ten  to  twelve  grams  of  mixed  sodium 
and  potassium  carbonates  furnishes  sufficient  emanation  for  an 
accurate  determination,  notwithstanding  the  fact  that  the  con- 
tinuous loss  of  emanation  under  ordinary  conditions  is  over 
40  percent.  A  fusion  tube  in  the  form  of  a  test  tube  25  centi- 
meters long  affords  ample  space  for  a  12-gram  charge.  The 
open  end  of  the  tube  is  fitted  with  a  two-hole  rubber  stopper 
carrying  glass  tubes,  one  of  which  extends  down  the  tube  to 
within  a  few  centimeters  of  the  charge.  One  of  the  tubes  is 
closed  during  a  fusion  and  the  other  is  connected  to  an  absorption 
tube  and  a  special  form  of  gas  burrette  of  about  200  cc.  capacity 
connected  with  a  leveling  reservoir.  The  apparatus  (Fig.  1) 
used  for  collecting  the  gas  was  of  the  form  used  by  Moore  and 
the  writer,  and  by  Randall  in  the  estimation  of  radium  by  the 
method  of  boiling.  The  flask  A  is  not  used  in  the  fusion  method 
and  the  clip  at  E  is  therefore  closed.  The  fusion  tube  is  attached 
on  the  side  T.  In  most  of  the  experiments  the  absorption  tube 
contained  a  few  pieces  of  sodium  hydroxide  and  a  sufficiently 
small  volume  of  water  to  permit  the  back  flow  of  gas  without 
drawing  liquid  into  the  fusion  tube.  For  smaller  charges  side 
neck  tubes  of  smaller  bore  were  used.  Such  tubes  are  easily  made 
from  combustion  tubing  in  an  oxygen-gas  flame.  In  some  of  the 
experiments  hard  glass  tubes  drawn  out  to  a  tip  were  used.  After 
fusion  is  completed  the  emanation  in  the  tube  can  then  be  trans- 
ferred to  the  electroscope  by  simply  breaking  the  tip  and  passing 
a  current  of  air  over  or  through  the  melt.     In  the  decomposition 
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of  ores  by  boiling  with  concentrated  sulfuric  acid,  the  fusion 
tube  was  replaced  by  a  round-bottom  flask  of  about  ioo  cc. 
capacity.  When  fluxes  evolving  oxygen  were  used  the  absorption 
tube  was  replaced  by  a  hard  glass  tube  containing  copper  gauze 
which  was  heated  during  fusion. 

In  conducting  a  determination  the  gas  burette  is  first  filled  with 
freshly  boiled  water.  The  fusion  tube  containing  its  charge  is 
attached  at  T  and  the  other  outlet  of  the  tube  is  closed.    All  the 


Fig.  i.      Scblundt  and  Moore  Apparatus. 


glass  stop-cocks  except  Q  are  then  opened  and  the  leveling  reser- 
voir is  lowered  to  the  position  shown  in  the  figure.  Any  air 
leak  in  the  apparatus  is  thus  readily  detected.  The  fusion  tube 
should  be  inclined  slightly  upward  from  the  horizontal  so  that 
the  melt  will  flow  toward  the  closed  end.  Freshly  heated  fluxes 
should  be  used  and  the  entire  tube  should  be  warmed  first  to 
minimize  the  danger  of  reflux  water  drops  cracking  the  tube. 
During  fusion  the  water  level  in  the  reservoir  is  adjusted  from 
time  to  time  and  is  always  maintained  at  a  little  lower  level  than 
the  water  in  the  burette.     A  slight  excess  external  pressure  is 
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thus  maintained  on  the  fusion  tube  during  heating,  until  it  gradu- 
ally collapses  at  the  hotter  parts.  The  heating  is  done  with  a 
large-size  Meker  burner  aided  by  a  hand  blast  lamp.  The  heat- 
ing of  the  melt  is  continued  for  fifteen  minutes.  When  the  fusion 
is  made  with  mixed  carbonates  there  is  a  small,  steady  evolution 
of  gas  all  the  time  during  the  heating  as  the  result  of  the  action 
of  the  flux  on  the  glass  tube.  This  continuous  evolution  of  gas 
doubtless  serves  a  very  useful  purpose  in  removing  the  emanation 
from  the  melt.  In  our  experiments  with  a  carnotite  concentrate 
consisting  largely  of  calcium  sulphate,  a  little  powdered  quartz 
was  added  to  the  charge  to  increase  the  evolution  of  gas  during 
fusion. 

While  the  tube  is  still  hot  an  exhausted  electroscope  is  attached 
at  Q,  and  the  gas  in  the  burette  is  drawn  into  the  electroscope 
until  water  reaches  the  tube  il/Ar.  The  stop-cock  /  is  then  closed 
and  the  inlet  tube  of  the  fusion  tube  is  opened.  The  remaining 
gas  in  the  tube  and  absorption  train  are  thus  swept  into  the 
electroscope. 

Three  hours  after  the  introduction  of  the  gas  into  the  electro- 
scope the  ionization  current  reaches  a  maximum  value  which 
remains  constant  for  nearly  half  an  hour.  Readings  are  made 
at  this  time  to  determine  the  rate  of  discharge.  By  keeping  the 
leaf  charged  from  eight  to  ten  minutes  before  readings  are  to 
be  made  very  uniform  rates  of  discharge  are  obtained. 

Two  electroscopes  were  used  in  our  experiments.  One  was  a 
gold  leaf  instrument3  and  the  other  a  Wulf  quartz  fiber  electro- 
meter.4 In  using  the  Wulf  instrument  it  was  found  that  the 
ionization  chamber  can  withstand  pressures  of  two-thirds  of  an 
atmosphere.  The  gas  was  therefore  introduced  directly  into  the 
exhausted  chamber  and  the  circulation  method  recommended  by 
the  inventor  was  not  used.  Both  instruments  were  standardized 
by  means  of  known  quantities  of  radium  emanation  separated 
from  weighed  amounts  of  uraninite  containing  53.03  percent  of 
uranium.  The  emanation  was  separated  in  a  small  flask  like  A, 
Fig.  1,  by  dissolving  in  nitric  acid  (1:1)  and  boiling.  The  flask 
in  these  calibration  experiments  was  fitted  with  a  two-hole  rubber 

3  The  instrument  is  illustrated  and  described  in  Randall's  paper,  Trans.  Am.  Elec- 
trochem.   Soc,  21,  477 

4  Wulf,   Physik.  Zeitsclirift,  8.  246,   527;   10.   251. 
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stopper,  one  of  which  held  a  small  drop  funnel.5  Our  specimen 
of  uraninite  continuously  emitted  2.6  percent  of  its  emanation 
at  room  temperatures.  We  have  adopted  the  plan  of  keeping 
on  hand  a  stock  of  weighed  samples  to  be  used  for  calibrating 
electroscopes,  stored  in  the  small  flasks  at  least  a  month  before 
boiling  off  the  emanation.  The  total  equilibrium  quantity  of 
emanation  is  thus  obtained. 

As  most  radioactive  solids  continuously  emit  a  portion  of  their 
emanation  at  room  temperatures,  the  quantity  of  emanation  re- 
leased by  fusion  or  boiling  is  less  than  the  equilibrium  quantity. 
The  emanation  loss  in  the  cold  was  determined  by  enclosing  a 
definite  weight  of  the  powdered  ore,  ground  to  pass  through  an 
eighty  mesh  sieve,  between  layers  of  cotton  in  glass  stoppered 
U  tubes,  and  allowing  the  emanation  to  accumulate  for  a  definite 
time — a  period  of  four  days  or  more.  Then  by  drawing  air 
through  the  tube  into  an  emanation  electroscope  the  fraction 
continuously  emitted  can  be  readily  deduced.  The  equilibrium 
quantity  of  emanation  that  will  accumulate  in  the  tube  was  cal- 
culated by  the  equation  :6 

Et  =  E  (1  -  <r% 

where  Bt  represents  the  quantity  found  after  t  hours  of  storage; 
E  the  maximum  quantity  that  will  accumulate,  e,  the  base  of  the 
natural  logarithms,  and  t,  the  radioactive  constant,  0.0075  (nr)_1- 
To  ascertain  whether  samples  taken  from  stock  in  closed  bottles 
still  retain  a  part  of  their  emanation,  after  a  few  minutes  of 
exposure  during  weighing,  several  samples  were  weighed  out  and 
placed  in  U  tubes  and  then  air  drawn  through  them  immediately 
into  an  electroscope.  No  increase  in  the  rate  of  discharge  of 
the  leaf  was  observed. 

The  fusion  method  of  determining  radium  described  above  was 
tested  with  four  radioactive  solids  :  ( 1 )  The  specimen  of  uran- 
inite used  in  calibrating  the  electroscopes;  (2)  A  composite  of  a 
carnotite   concentrate   which   had   been   obtained    from   carnotite 

5  For  details  of  operation  see  Schlundt  and  Moore,  Jour.  Phys.  Chem.,  9,  320  (1905). 
0  Rutherford,   "Radioactive   Substances   and   Their   Radiations,"    (1913)    pp.   336,   665. 
Kolowrat,   L,e   Radium,   6,    195    (1909). 
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ore  on  a  commercial  scale  by  the  Fleck  method.7  The  concentrate 
consists  largely  of  calcium  sulphate;  (3)  A  specimen  of  low-grade 
carnotite  ore  from  the  Paradox  Valley,  Colorado ;  (4)  A  spring 
deposit  (sinter)  from  Doughty  Springs,  Colorado.  The  material 
is  a  unique  spring  deposit  in  that  it  consists  of  about  87  percent 
barium  sulphate.  This  specimen  was  kindly  sent  by  Dr.  Headden 
of  the  State  Agricultural  College  of  Colorado,  who  first  described 
this  interesting  group  of  radioactive  springs.8 

The  radium  content  of  these  specimens  is  given  in  the  fourth 
column  of  Table  I ;  the  uranium  equivalent  appears  in  the  last 
column ;  and  in  the  second  and  third  columns  are  recorded  the 
percentages  of  the  equilibrium  quantity  of  emanation  emitted  at 
ordinary  temperatures  and  at  red  heat.  The  radium  content  of 
the  uraninite  was  deduced  on  the  assumption  that  radium  and 
uranium  exist  in  equilibrium  in  the  specimen.  For  the  analysis 
of  the  sample  the  writer  is  indebted  to  Dr.  Randall.9 

Table  I. 
Results  of  Analyses. 

Percent  of  Percent  of 

Substance  Cold  Emana-    Emanation  Loss 

tion  Loss  at  Red  Heat 

Uraninite    2.6  25.6 

Carnotite    concentrate...  18.1  88.6 

Carnotite  ore  41.8  90. 

Spring   deposit    2.8  30. 

The  results  obtained  for  the  radium  content  of  the  four  sub- 
stances by  different  methods  of  separating  the  emanation,  and  by 
means  of  different  fluxes,  are  given  in  Tables  II,  III,  IV  and  V. 
The  numbers  in  the  first  column  indicate  the  number  of  deter- 
minations that  were  averaged  to  give  the  values  in  the  third  and 
fourth  columns. 

7  Cf.  Bulletin  70,  Dept.  of  the  Interior,  U.  S.  Bureau  of  Mines,  "A  Preliminary 
Report  on  Uranium,  Radium,  and  Vanadium,"  by  Richard  B.  Moore  and  Karl  L. 
Kithil,  p.   74   (1913). 

8  Headden,  Proc.  Col.   Sci.   Soc,  8,  1    (1905). 
8  Randall,  loc.  cit. 
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Table  II. 
Uraninite. 

Number  of  Grams 

Experi-              Method  of  Separating  the  Emanation  Radium 

ments  per  g.  x  io9 

9         Solution  in   nitric  acid  and  boiling....  180.2 

6        Fusion  with  mixed  carbonates 1792 

2        Fusion  with  potassium  acid  sulfate...  179.9 

2        Fusion  with  potassium  nitrate    180.9 

2         Fusion   with  sodium   peroxide 180.5 

2        Fusion  with  potassium  chlorate 179  9 

2        Fusion  with  potassium  dichromate.  . . .  I77-I 

2        Heating  in  hard  glass  tube 46.6 

2        Boiling  with  concentrated  sulfuric  acid  77.2 

2         Fusion  with  litharge   ior.3 

2        Fusion  with  lead  peroxide   136.0 

2        Fusion  with  borax    165.6 

Table  III. 


Number  of 
Experi- 
ments 


Carnotite  Concentrate. 

Method  of  Separating  the  Emanation 

Fusion    with    carbonates,    solution    and 

boiling    

Heating  in  hard  glass  tube    

Boiling  with  nitric  acid   

Fusion  with  potassium  acid  sulfate.... 
Fusion  with  mixed  carbonates 


Grams 
Uranium 
per  g.  x  io2 

53-03 

52.7 

52.9 

53-2 

53-1 

52.9 

52. 1 

137 

22.7 

29.8 

40.0 

48.7 


Grams 

Grams 

Radium 

Uranium 

per  g.  x  io9 

per  g.  x  ioa 

19.96 

5.87 

21.32 

6.27 

23-05 

6.78 

24.24 

7*3 

24-07 

7.08 

Number  of 
Experi- 
ments 


Number  of 
Experi- 
ments 


Table  IV. 
Carnotite  Ore. 

Method  of  Soparating  the  Emanation 

Fusion    with    carbonates,    solution    and 

boiling    

Heating  in  hard  glass  tube 

Fusion  with  potassium  acid  sulfate.... 

Boiling  with  nitric  acid 

Fusion  with  mixed  carbonates  

Table  V. 
Spring  Deposit. 

Method  of  Separating  the  Emanation 

Fusion    with    carbonates,    solution    and 

boiling    

Boiling  with  concentrated  sulfuric  acid 

Heating  in  hard  glass  tube 

Fusion  with  potassium  acid  sulfate... 
Fusion   with   mixed   carbonates 


Grams 

Radium 

per  g.  x  io' 

15-85 
18.65 
18.63 

18.33 
20.77 


Grams 
Uranium 
per  g.  x  10 

4.66 

5-31 
5-48 
5-39 
6.11 


Grams 

Grams 

Radium 

Uranium 

per  g.  x  10 10 

per  g.  x  ic 

II.29 

338 

13-97 

4.II 

4-93 

1-45 

11.02 

3-24 

16.54 

4-57 
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The  results  of  the  foregoing  tables  point  to  the  following- 
conclusions  : 

1.  The  solution  method,  that  is,  fusion  with  mixed  carbonates, 
followed  by  solution  and  boiling,  gave  results  that  are  only  70 
to  80  percent  of  the  values  obtained  by  the  fusion  method  with 
mixed  carbonates. 

2.  Fusion  with  mixed  carbonates  appears  to  be  superior  to 
fusion  with  potassium  acid  sulphate,  although  with  the  carnotite 
concentrate  a  slightly  higher  value  was  obtained  with  the  sulphate. 

3.  .  Fusion  with  borax  probably  gives  low  values  as  a  result 
of  the  retention  of  some  of  the  emanation  in  the  melt.  At  the 
temperatures  attained  in  our  experiments  the  evolution  of  gas 
and  its  flow  through  the  melt  is  necessary  for  complete  release 
of  the  emanation. 

4.  High  emanating  power  in  the  cold  indicates  a  large  release 
of  emanation  by  heating.  In  the  case  of  the  specimen  of  carno- 
tite ore  a  rough  assav  may  be  made  by  merely  heating  the  ore 
to  bright  redness. 

5.  A  complete  separation  of  the  emanation  from  uraninite  is 
obtained  by  solution  in  nitric  acid  and  bv  fusion  with  some  of 
the  ordinary  fluxes. 

No  experiments  were  conducted  with  the  fusions  to  ascertain 
whether  the  equilibrium  quantities  of  emanation  can  be  again 
separated  by  a  subsequent  fusion.  Experiments  similar  to  the 
ones  here  presented  have  been  conducted  in  this  laboratory  during 
the  past  year  by  Dr.  W.  G.  Brown  and  Air.  O.  E.  Sheppard  in 
connection  with  an  extensive  series  of  experiments  with  a  Joly 
furnace  on  the  radium  content  of  rocks. 

Chemical  Laboratory, 
University  of  Missouri. 
Columbia,  Mo. 


DISCUSSION. 

S.  C.  Lind  (Communicated)  :  As  Dr.  Schlundt  has  pointed 
out,  the  accurate  determination  of  radium  by  the  emanation 
method  resolves  itself  into  the  problem  of  quantitatively  removing 
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emanation  from  the  radioactive  substance  being  analyzed.  Con- 
sequently the  study  of  a  variety  of  methods  for  different  radio- 
active substances,  as  reported  in  the  present  paper,  forms  a 
valuable  contribution  to  the  subject.  Incidental  to  the  deter- 
mination of  the  radium:  uranium  ratio  in  carnotites  recently 
carried  out  by  Mr.  C.  F.  Whittemore  and  myself,10  the  quanti- 
tative de-emanation  of  carnotite  was  studied  in  a  large  number 
of  samples  of  ore  by  four  different  methods  and  it  may  be  of  some 
interest  to  compare  our  results  with  those  of  Dr.  Schlundt. 

As  regards  the  method  of  fusion  with  NaaC03.K2C03  mixture 
and  subsequent  dissolution  and  decomposition  of  the  residues  in 
dilute  acid,  we  agree  fully  with  Dr.  Schundt  in  obtaining  results 
i o  to  20  percent  low. 

The  method  of  dissolving  directly  in  boiling  i-i  HXOs  was 
found  to  give  correct  results,  as  indicated  by  the  Ra/U  ratio, 
and  also  by  agreement  with  a  direct  ignition  method,  employing 
Jena  glass  and  a  Meker  burner.  The  result  with  HX03  is  in 
general  accord  with  Dr.  Schlundt's,  although  in  the  case  of 
carnotite  he  obtains  a  somewhat  lower  value  than  by  fusion  with 
carbonate.  The  agreement  obtained  by  us  in  more  than  twenty 
cases  between  the  solution  and  ignition  methods  in  the  case  of 
carnotite  and  supported  by  the  normality  of  the  Ra/U  ratios  has 
led  us  to  place  the  highest  confidence  in  these  two  methods  for 
this  ore,  and  it  is  to  be  noted  that  Dr.  Schlundt's  results  by  these 
methods  also  agree  with  each  other  for  carnotite  ore,  though 
somewhat  lower  than  he  obtained  by  the  fusion  method. 

With  respect  to  the  carbonate  fusion  method,  we  have  failed 
in  all  carnotites  to  obtain  anything  approaching  complete  de- 
emanation,  which  result  we  have  been  inclined  to  attribute  to  the 
influence  of  silicates  on  the  viscosity  of  the  melt,  because  the 
same  procedure  has  been  successfully  employed  by  us  for  pitch- 
blende and  crude  sulphates  containing  little  or  no  silica.  The 
marked  contrast  with  Dr.  Schlundt's  results  for  this  method 
would  indicate  that  it  is  primarily  a  question  of  temperature  or 
gas  evolution  although  the  latter  had  been  abundant  in  our 
experiments  also. 

Although  our  experiments  were  mainly  confined  to  carnotites; 
some  results  obtained  with  pitchblende  and  crude  sulphates  have 

10  Lind,   S.   C,   and  Whittemore,  C.   F.,   Tour.   Amer.   Chem.   Soc,  Oct.    1914. 
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led  us  to  believe  that  a  method  may  be  highly  specific  in  its 
applicability  to  a  given  radioactive  substance.  For  example,  the 
ignition  method,  successful  with  carnotites,  is  a  complete  failure 
under  the  same  conditions  for  crude  sulphates ;  and  the  fusion 
method,  as  already  stated,  succeeded  with  pitchblende  but  failed 
with  carnotites.  These  considerations  seem  to  render  the  results 
and  methods  of  an  investigation  such  as  the  present  one  of  Dr. 
Schlundt's  all  the  more  valuable,  in  offering  a  variety  of  methods 
of  attacking  the  different  radioactive  substances  that  may  present 
themselves  for  analysis. 

It  seems  highly  desirable  to  extend  the  investigation  of  the 
method  to  that  of  initial  de-emanation  followed  by  accumulation 
and  a  second  de-emanation,  which  is  the  only  way  in  which  the 
radium  determination  may  be  made  independent  of  the  "emanating 
power"  of  the  radioactive  substance,  and  at  the  same  time  be 
confined  to  a  reasonable  length  of  time.  The  precautions  neces- 
sary in  determining  radium  by  the  use  of  "emanating  power," 
especially  in  the  case  of  substances  in  which  the  latter  has  a  high 
value,  as  in  carnotite,  has  been  pointed  out  in  the  paper  already 
referred  to.11 

Warren  F.  Bleecker  :  The  measurement  of  radium  is  essen- 
tially an  indirect  method  quite  difficult  to  make  and,  except  by 
those  expert  in  the  matter,  is  little  understood ;  and  what  we 
are  after  is  a  method  which  is  easily  worked  and  which  gives 
reasonably  accurate  results. 

The  original  method  probably  was  not  applicable  to  all  classes 
of  ore,  without  previous  examination ;  that  is  to  say,  each  class 
of  ore  under  examination  would  first  have  to  be  run  by  a  solution 
method,  and  the  blank  determined.  For  example,  Dr.  Schlundt 
makes  the  statement  in  his  paper  that  the  material  must  be  entirely 
in  solution.  That  is  because  a  portion  of  the  emanations  are 
held  back  in  solid  matter,  especially  in  gelatinous  or  colloidal 
material  which  may  remain  undissolved.  The  various  elements 
which  are  found  in  radium-bearing  rocks  have  the  power  of 
holding  emanation  in  different  degrees,  and  for  that  reason  it 
would  probably  make  a  difference  in  the  quantity  of  emanation 
which  could  be  recovered  by  a  fusion  method. 

11  Lind  and  Whittemore,  loc.  cit. 
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Another  thing  I  wish  to  call  attention  to  is  the  fact  that  a  fixed 
ratio  between  uranium  and  radium  only  holds  in  old  rocks.  It 
does  not  hold,  so  far  as  my  experience  goes,  in  rocks  which  have 
been  in  any  wise  treated,  either  mechanically  or  chemically.  If 
you  treat  a  rock  chemically,  you  will  dissolve  more  or  less  uranium 
and  more  or  less  radium.  Mechanically  treating  it  will  have 
the  same  effect,  so  one  cannot  calculate  with  a  slide  rule  from 
the  uranium  content  the  radium  content,  or  vice  versa.  This 
matter  is  of  considerable  importance  to  us,  because  our  people 
are  producing  considerable  quantities  of  radium,  something  like 
fifteen  grams  a  year  at  the  present  time.  I  am  sorry  I  could 
not  bring  any  radium  along  with  me,  but  I  have  here  a  specimen 
of  uranium  carbide  produced  in  the  electric  furnace.  I  will 
show  you  this,  as  being  a  matter  of  interest  in  connection  with 
radium.  There  is  much  evidence  that  this  material  is,  if  not  the 
parent  of  radium,  the  grand-parent. 

This  substance  is  of  interest  and  its  properties  at  the  present 
time  are  little  understood. 

At  one  time  after  making  some  ferro  uranium,  I  put  a  sample 
of  it  into  a  box  and  upon  looking  into  the  box  through  a  curtain, 
saw  myriads  of  stars  shooting  from  the  metal.  This  continued 
for  48  hours.  I  have  never  been  able  to  duplicate  this  phenom- 
enon, but  it  may  be  of  great  importance,  and  should  be  studied. 
This  uranium  carbide,  as  you  know,  is  pyrophoric,  due  to  oxida- 
tion.    It  is,  unfortunately,  very  fragile. 

W.  R.  Mott  :  To  what  extent  would  Dr.  Schlundt  apply  this 
method  to  monazite  sands  which  contain  mesothorium  which  is 
more  radioactive  than  radium? 

I  also  ask  the  last  speaker  whether  he  has  run  across  any 
trouble  from  uranium  poisoning,  because  Moissan  in  his  Diction- 
ary on  Chemistry,  says  uranium  is  one  of  the  most  poisonous 
of  the  elements  (Moissan,  Traite  de  Chimie  Minerale,  Vol.  IV, 
page  857).  Woroschilsky  used  double  tartrate  of  uranium  and 
sodium,  and  caused  death  with  a  close  of  0.5  to  2  mg.  per  kilo- 
gram with  the  characteristic  appearance  of  sugar  in  the  urine. 

Warren  F.  Rixkcker:  A  short  while  ago  my  assistant  and 
myself  got  quite  a  dose  of  uranium  chloride,  but  we  felt  no  bad 
effects   from   it.      I   have  been  handling  uranium   solutions   for 
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years,  and  have  felt  no  bad  effects  from  them,  nor  have  I  ever 
seen  a  case  of  either  uranium  or  vanadium  poisoning. 

J.  W.  Richards:  I  understand  that  the  workmen  who  have 
been  sampling  the  ores  from  the  carnotite  bearing  rocks  have 
become  poisoned  by  apparently  absorbing  the  dust  from  these 
ores.  The  form  of  poisoning  was  quite  serious.  None  of  the 
doctors  who  were  called  in  could  diagnose  the  disease. 

Warren  F.  BleEcker  :  I  should  like  to  combat  most  seriously 
any  notion  there  might  be  as  to  the  poisonous  effect  of  uranium. 
We  handle  a  good  deal  of  it.  We  have  workmen  who  are  covered 
with  it,  sometimes  from  morning  to  night,  and  we  have  never 
had  a  single  case  of  poisoning.  And  if  there  had  been  such 
cases,  we  would  have  heard  about  it,  because  men  are  sometimes 
looking  for  trouble,  but  we  have  not  had  one  case  of  poisoning. 

There  is  trouble  in  handling  dust  of  any  kind,  dust  in  a  coal 
mine  or  cement  works,  or  anywhere  else.  Dust  is  dust,  and  it  is 
bad.  Outside  of  the  fact  that  these  things  are  dusty,  there  has 
come  to  my  attention  no  specific  case  of  poisoning. 

I  saw  an  article  in  the  Journal  of  the  American  Medical  Asso- 
ciation a  year  or  so  ago,  in  which  some  doctor  described  the 
poisonous  effects  of  vanadium  sesquioxide  in  commercial  plants. 
Evidently  he  did  not  know  his  chemistry  very  well,  because  this 
oxide  is  one  of  the  most  difficult  things  to  prepare. 

W.  R.  Whitney:  I  move  that  the  President  appoint  a  com- 
mittee consisting  of  Mr.  Bleecker  and  Mr.  Mott  to  get  at  the 
facts  of  this  subject.  Our  Society  cannot  be  satisfied  with  any- 
thing but  the  authentic  determination  of  a  question  which  brings 
up  points  of  this  character.  It  is  a  serious  matter  for  any  com- 
pany manufacturing  a  product,  to  have  someone  stand  in  the 
meet:ng  here  and  say  that  this  substance  is  said  to  be  poisonous. 

J.  W.  Richards  :  I  will  second  the  motion,  and  amend  it  by 
adding  the  name  of  Dr.  A.  R.  Ledoux,  who  is  a  member  of  our 
Society,  as  one  of  the  committee  to  investigate  the  poisonous 
effects  ascribed  to  uranium  and  vanadium.  I  second  the  motion 
with  that  amendment. 

The  amendment  being  accepted  by  Dr.  Whitney,  the  President 
put  the  motion  to  vote,  and  it  was  carried.     (Dr.  Ledoux  having 
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declined  to  serve  on  this  committee,  Chas.  Baskerville  was 
appointed  in  his  place  at  a  subsequent  meeting  of  the  Board  of 
Directors.) 

W.  G.  Brown  (Communicated)  :  Dr.  Schlundt  refers  to  some 
experiments  conducted  by  the  writer  and  Mr.  O.  E.  Sheppard. 

Since  these  experiments  dealt  with  the  same  problem  as  Dr. 
Schlundt's,  the  determination  of  radium,  a  brief  resume  of  the 
work  may  be  interesting. 

Mr.  Sheppard  undertook  the  examination  of  a  series  of  rock 
specimens  obtained  in  drilling  an  artesian  well  upon  the  campus 
of  the  University  of  Missouri  for  their  radium  content.  The 
specimens  were  taken  every  five  feet  to  a  depth  of  about  770  feet. 

Before  commencing  the  systematic  examination  of  the  speci- 
mens he  carried  out  an  extensive  series  of  preliminary  experi- 
ments to  determine  the  most  reliable  and  rapid  method  for  the 
estimation  of  radium  and  the  calibration  of  the  electroscope, 
using  various  forms  of  apparatus,  materials,  and  processes  to 
obtain  the  radium  emanation. 

First  he  used  a  modification  of  Joly's  apparatus  for  fusions 
and  with  this  furnace  he  tried  a  mixture  of  potassium  and  sodium 
carbonates,  a  mixture  of  potassium  and  sodium  hydrogen  car- 
bonates, and  borax.  He  used  the  original  absorption  apparatus 
of  Joly  for  the  carbon  dioxide,  afterwards  an  absorption  train 
devised  by  himself.  He  caught  the  emanation  in  a  rubber  bag, 
following  Joly,  and  then  transferred  it  to  the  electroscope ;  after- 
wards he  discarded  the  rubber  bag  and  collected  the  emanation 
directly  in  the  electroscope,  which  had  been  exhausted.  He  used 
for  heating  the  furnace  platinum  wire  and  afterwards  nichrome 
wire.  After  having  made  a  hundred  and  twenty  fusions  by  Joly's 
method  and  modifications  he  rejected  it  and  tried — 

Second,  a  solution  method,  dissolving  the  material  in  dilute 
nitric  acid  and  transferring  the  emanation,  without  storing, 
immediately  into  the  exhausted  electroscope  by  a  stream  of 
carbon  dioxide  and  air  through  an  absorption  train  of  potassium 
hydroxide  solution,  solid  potassium  hydroxide  and  sodium 
peroxide. 

Thirdly,  he  fused  the  material  with  carbonates  in  a  hard  glass 
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tube  as  described  in  Dr.  Schlundt's  paper,  using  the  same  absorp- 
tion train  as  in  his  experiments  by  solution  in  nitric  or  other  acid. 

With  regard  to  the  fusion  method  in  hard  glass  tubes,  Mr. 
Sheppard  describes  his  method  of  procedure  in  his  thesis  on 
"A  comparison  of  Methods  of  Determining  the  Amount  of  Ra- 
dium in  Rocks  and  Minerals,"  submitted  to  the  Graduate  Faculty 
of  the  University  of  Missouri  in  June,  1914,  as  follows :  "For 
a  calibration  fusion  10  grams  of  mixed  carbonates  were  mixed 
with  5  grams  of  powdered  silica  and  a  small  amount  of  uraninite. 
After  the  fusion  air  was  used  to  sweep  the  emanation  into  the 
exhausted  electroscope." 

Comparing  the  methods,  Mr.  Sheppard  says  that  the  chief 
objection  to  Joly's  method  is  the  time  required,  that  he  was 
hardly  able  to  finish  a  fusion  in  less  than  three  hours — tho  Joly 
seems  to  have  taken  only  about  an  hour  for  the  fusion  when 
using  the  mixed  carbonates.  By  using  borax  in  place  of  the 
carbonates  the  time  of  fusion  is  lessened  and  the  "borax  is  more 
efficient  than  the  mixed  carbonates  in  getting  off  the  emanation." 

The  solution  method  in  nitric  or  other  acid  is  "a  very  rapid 
method  in  getting  off  the  emanation."  In  most  cases  "15  minutes 
to  a  half  hour  was  sufficient  to  get  the  emanation  from  the  dry 
finely  ground  substance  into  the  electroscope." 

The  chief  objection  to  it  is  that  nitric  acid  will  not  dissolve 
all  substances,  although  "all  the  emanation  can  be  driven  off 
from  some  substances,  c.  g.,  carnotite,  by  boiling  with  nitric  acid 
even  though  the  solution  is  not  complete." 

The  fusion  in  hard  glass  tubes  requires  care  and  practice  in  the 
fusion  and  in  the  subsequent  transfers  of  the  emanation  to  the 
electroscope.  It  "can  only  be  used  for  small  quantities — less 
than  10  grams — of  a  substance."  "Also  from  my  limited  work 
it  seems  to  offer  no  advantage  over  the  nitric  acid  method  and  in 
fact  is  not  nearly  so  efficient  in  getting  the  emanation  from 
uraninite"  as  that  method. 

For  the  statements  and  conclusions  concerning  the  different 
methods  Mr.  Sheppard  gives  the  results  of  233  determinations 
in  his  thesis. 

As  some  of  these  results  are  with  portions  of  the  same  speci- 
mens used  by  Dr.  Schlundt,  which  specimens  Mr.  Sheppard 
obtained  from  Dr.  Schlundt,  I  quote  them  for  comparison  : 
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Doughty  Springs  Deposit. 
(Dr.  Schlundt's  Table  V.) 

Grams  Radium  per 
Grams  Sample 

Joly's   Method    1282.4  X  10-12 

1 1 10.    X  io'12 

1091.    X  io-12 

Nitric  Acid1    162     X  IO"12 

With  Sulphuric  Acid,  2  determinations  average.  .1345     X  io-12 
Fusion  in  glass  tube,  3  determinations  average.  .1416     X  io-12 

(Colorado)  Carnotite  Concentrate. 

(Dr.  Schlundt's  Table  III.) 

Nitric  Acid  Method,  aver.  29  determinations 18230  X  io"12 

Emanation   given  off  in   the  cold 4054  X  IO"12 

Total   emanation    22284  X  io-12 

Fusion  in  glass  tube2 18090  X  IO"12 

"      "        "    3 15212  X  io"12 

"      "        "    3 14495  X  io"12 

Concentrate  stored  a  month 18647  X  io-12 

"       "      "      19041  X  io-12 

1  Not  decomposed  by  nitric  acid  but  by  strong  sulphuric  acid. 

2  Tube  containing  air  before  fusion. 

3  Tube  exhausted   before  fusion. 

Among  Mr.  Sheppard's  conclusions  are  the  following  bearing 
on  the  methods  of  determining  radium. 

6.  "Boiling  off  with  nitric  or  with  some  other  acid  as  necessity 
demands  seems  a  very  promising  way  to  separate  the  emanation 
from  rock  and  mineral  samples.  This  method  seems  especially 
good  for  carnotite.  Solution  in  an  acid  seems  to  liberate  all  the 
emanation  so  that  it  can  be  driven  off  by  boiling." 

7.  "Fusion  with  carbonates  in  a  hard  glass  tube  as  suggested 
by  Dr.  Schlundt  seems  a  possible  method  for  carnotite.  It  will 
not  do  for  minerals  or  rocks  with  very  low  radium  content 
where  a  large  sample  must  be  used." 

H.  Schlundt  (Communicated)  :  The  fact  that  Messrs.  Lind 
and  Whittemore  have  found  the  normal  value  for  the  ratio 
between  uranium  and  radium  in  twenty  specimens  of  carnotite, 
and  also  agreement  in  the  value  by  the  ignition  and  solution 
methods,  speaks  very  strongly  for  the  reliability  of  these  methods 
in  the  determination  of  radium  in  carnotites.  Their  forthcoming 
paper  on  this  subject  will  thus  dispel  the  uncertainty  that  has 
existed  regarding  the  U/Ra  ratio  in  these  ores.  The  lack  of 
agreement  between  the  results  of  Messrs.  Lind  and  Whittemore 
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and  our  experiments,  by  direct  fusion  with  mixed  carbonates, 
suggests  the  desirability  of  conducting  further  experiments  by 
this  method  in  very  hard  glass  tubes  with  the  hope  of  obtaining 
agreeing  results  by  the  three  methods. 

Mr.  Sheppard's  determinations  by  solution  in  sulphuric  and 
nitric  acids  are  in  fair  agreement  with  the  results  of  my  experi- 
ments by  the  use  of  these  solvents,  but  his  lower  values  by  fusion 
with  mixed  carbonates  stand  in  direct  contrast  to  the  higher 
values  of  my  experiments.  Mr.  Sheppard  also  obtained  low 
values  by  de-emanating  uraninite  by  fusion  with  carbonates,  while 
my  experiments  by  solution  in  nitric  acid  and  fusion  with  several 
fluxes  gave  closely  agreeing  values,  and  in  this  respect  agree  with 
the  results  of  Messrs.  Lind  and  Whittemore. 


A  paper  presented  at  the  Twenty-sixth 
General  Meeting  of  the  American  Electro- 
chemical Society,  at  Niagara  Falls,  October 
2,  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


SILICIDIZED  CARBON  — SILFRAX. 

By  F.  J.  Tone. 

When  solid  carbon  is  acted  upon  by  vapors  of  silica  or  silicon 
there  is  formed  a  silicon  carbide  product  of  the  same  shape  as 
the  original  carbon  but  differing  from  carborundum  in  essential 
characteristics.  To  distinguish  this  form  of  silicidized  carbon 
commercially,  it  has  been  given  the  name  "silfrax."  The  proper- 
ties and  characteristics  of  the  product  vary  with  the  temperature 
of  formation.  If  the  carbon  article  is  heated  in  the  amorphous 
zone  of  a  carborundum  furnace  the  temperature  range  of  this 
zone  being  1,550  to  1,820°,  the  product  is  amorphous  in  appear- 
ance, showing  no  crystals  except  under  high  magnification.  It 
has  a  yellow  color  and  a  lusterless  fracture.  If  the  carbon  is 
heated  in  the  crystalline  zone  of  the  furnace,  the  temperature 
of  this  zone  ranging  from  1,820  to  2,220°,  the  material  is  of  great 
density  and  plainly  crystalline.  Upon  fracture  it  shows  a  steel 
black  color  and  a  metallic  luster. 

The  depth  of  the  silicidizing  action  is  mainly  a  function  of  the 
time  of  reaction  and  the  concentration  of  silicon  vapor  present 
in  the  furnace  atmosphere.  To  obtain  the  best  conversion  a  large 
excess  of  silicon  vapor  must  be  present  and  the  mixture  should 
contain  silica  largely  in  excess  of  the  theoretical  carborundum 
mixture.  Under  regular  conditions  with  articles  of  pure  carbon 
the  maximum  penetration  is  about  l/2  inch.  Articles  composed 
of  a  mixture  of  carborundum  and  carbon  can  be  readily  con- 
verted to  a  greater  depth. 

Chemical  analysis  of  the  two  varieties  made  in  the  amorphous 
and  crystalline  zones  show  that  both  are  silicon  carbide  and  give 
no  basis  for  regarding  the  products  as  new  compounds  of  silicon 
and  carbon.  Microscopical  examinations  show  in  all  cases  the 
presence  of  the  typical  hexagonal  crystals  of  silicon  carbide. 
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Fig.  i — A.     15  Diam. 


Fig.   2 — A.     125   Diam. 
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Fig.  3 — B.     10  Diam. 


Fig.  4 — B.      125  Diam. 


Fig.   5 — B.     125   Diam. 


Fig.    6 — C.     25    Diam. 
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Analyses  of  Silicidized  Carbon. 

1  II  III  IV  v 

SiC 93-33  9103  93.39  96.86  94.19 

SiOa  1. 14  463  0.75  0.94  310 

C  free  i./i  1.16  2.42  0.00  0.48 

Fe  and  Al   2.39  244  1.27  1.42  1.67 

I.  Silfrax  silicidized   in   amorphous  zone   of  carborundum   furnace. 

II.  Silfrax   silicidized   on  edge  of  crystalline   zone  of  carborundum   furnace. 

III.  Do. 

IV.  Silundum. 
V.  Do. 

Analyses  of  the  SiC  residue  show  it  in  all  cases  to  consist  of 
silicon  and  carbon  in  exact  atomic  proportions  for  SiC,  and  there 
can  be  no  doubt  that  silicidized  carbon  by  whatever  name  it  may 
be  called  is  silicon  carbide. 

The  following  micrographs  show  sections  of  carbon  rods 
heated  in  both  the  amorphous  and  crystalline  zones  of  the  sili- 
cidizing  furnace. 

Fig.  1.  Specimen  A;  15  Diam.  Ground  and  polished  section 
of  3/16"  carbon  rod  heated  in  the  amorphous  zone  of  a  carbo- 
rundum furnace.  Color  greenish  white  with  small  black  core 
and  wholly  amorphous  in  appearance.  With  direct  illumination 
there  is  much  reflected  light. 

Fig.  2.  Specimen  A;  125  Diam.  Shows  structure  at  junction 
of  inner  and  outer  zones.  The  outer  zone  is  the  lighter  and 
consists  of  a  white  ground  with  irregular  grains  imbedded  in  it. 
The  dark  spots  are  soft  spots  worn  hollow  in  polishing.  The 
grains  in  the  inner  zone  are  larger  and  crystalline  in  character. 

Fig.  3.  Specimen  B ;  10  Diam.  Direct  Illumination.  Shows 
3/16"  carbon  rod  heated  in  the  amorphous  zone  but  slightly 
higher  than  specimen  A.  Thin  greenish  exterior  and  dark  core. 
Amorphous  in  appearance  and  possessing  no  metallic  structure. 
Specimen  contains  some  hard  crystals  in  a  soft  ground  mainly 
near  the  outside  of  the  rod,  and  these  being  polished  by  grinding 
appear  as  bright  spots  in  this  and  the  following  photo. 

Fig.  4.  Specimen  B ;  direct  light,  and  Fig.  5,  oblique  light ; 
125  Diam.  Shows  outer  zone  of  specimen,  the  bright  spots  being 
crystalline.  The  surface  is  too  rough  to  permit  of  high  magni- 
fication.   Fig.  4  shows  a  well  defined  hexagonal  crystal. 

Fig.  6.     Specimen  C;  25  Diam.,  and  Fig.  7,  50  Diam.,  show  a 
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Fig.  7 — C.     so  Diam. 


Fig.   8 — C.     125   Diam. 


Fig.   9 — C.     600   Diam. 


Fig.    10 — C.     600   Diam. 


Fig.    11 — D.     125    Diam. 


Fig.    12 — D.     125    Diam. 
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3/16-inch  carbon  rod  heated  in  crystalline  zone.  Color  black. 
Metallic  fracture.  Photos  show  black  holes,  a  white  network  or 
matrix  and  the  rest  of  the  field  gray  mottled. 

Fig.  8.    Specimen  C;  125  Diam. 

Figs.  9  and  10.  Specimen  C ;  600  Diam.  Gray  mottled  portions 
are  plainly  crystalline. 

Figs.  11  and  12.  Specimen  D;  125  Diam.  Carbon  rod  heated 
in  crystalline  zone.  Color  black.  Fracture  metallic.  Rod  was 
polished  on  emery  wheel  and  finished  with  rouge.  No  etching 
was  needed  to  develop  the  structure.  The  photo  shows:  (a) 
crystals  of  light  gray  color  and  smooth  surface;  (b)  darker 
crystals  with  mottled  surface  suggesting  pits  or  inclusions;  (c) 
white  matrix;  (d)  black  holes. 

Fig.  13.  Specimen  D;  600  Diam.  Direct  light.  Shows  the 
smooth  and  rough  crystals  and  white  matrix. 

When  carbon  articles  are  subjected  to  the  action  of  silicon 
vapors  and  molten  silicon  for  a  sufficient  period  the  carbon  is 
silicidized  in  the  same  manner  as  articles  placed  in  a  carborun- 
dum furnace,  but  the  resultant  product  is  carborundum  containing 
varying  proportions  of  pure  silicon.  Carborundum  and  silicon 
appear  to  be  mutually  soluble  in  all  proportions  and  the  physical 
and  electrical  properties  of  the  carborundum  are  altered  by  the 
presence  of  silicon.  A  carbon  block  subject  to  this  action  in  a 
silicon  furnace  furnishes  a  very  suitable  subject  for  investigation. 
Starting  from  the  interior  which  is  unconverted  carbon  the  follow- 
ing zones  are  found : 

(1)  A  greenish  yellow  product  (E)  not  of  great  toughness 
and  readily  crushed  down  to  the  constituent  grains,  which  are  of 
great  hardness.  It  is  a  poor  conductor  of  electricity.  On  treat- 
ment with  HF  and  HNOs  a  bright  yellow-  residue  is  left,  which 
is  perfectly  crystalline  and  contains  no  amorphous  material.  Even 
the  smallest  particles  under  high  magnification  are  crystalline 
and  practically  colorless. 

(2)  A  uniform  dense  gray  product  (F),  having  a  non-crystal- 
line appearance,  very  hard  tough  and  difficult  to  fracture.  Treat- 
ment with  HF  and  HN03  leaves  a  yellow  crystalline  material 
identical  in  appearance  and  properties  with  product  E. 

(3)  A  coarsely  crystalline  product  (G),  silver  gray  in  color, 
very  hard  but  more  readily  fractured  than  product  E.    The  resi- 
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Fig.    15 — F.     25   Diam. 


Fig.    16 — F.     25    Diam. 


Fig.   17 — F.     25   Diam 


Fig.    18— F.     25   Diam. 
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due  from  treatment  with  HF  and  HN03  is  mostly  yellow  but 
contains  some  dark  grains  and  is  entirely  crystalline. 


Chemical  Analysis  of  Products. 


Free  Si   7.40 

SiC  residue   91.10 

Fe    25 

Al   45 

CaO   80 


21.27 

76.10 

1.40 

•57 


99-34 


Residue  from  HF  and  HNO3: 

Si    69.40 

C    29.33 

Fe  and  Al   

98.73 

Apparent 
Density 

Product   E 2.91 

F 2.88 

G 310 


S.  G.  of 
Residue 

3.l6 
3-l6 


G 

10-45 

87.72 

•93 

•36 

99.46 


69.32 

29.29 

.10 

98.71 

Resistivity 
Ohms  cu.  cm. 

174.0 
1.8 
9-3 


The  following  micrographs  were  made  from  products  E  and  P. 

Fig.  14;  50  Diam.  Green  residue  from  product  B,  after  treat- 
ment with  HF  and  HNOa.  Every  grain  that  can  be  resolved  by 
magnifications  of  500  diam.  is  truly  crystalline.  The  grains  are 
of  various  sizes  and  seem  to  correspond  with  the  original  sizes 
of  the  carbon  grains.  Colorless  by  transmitted  light  and  pale 
green  by  reflected  light. 

Fig.  15 ;  50  Diam.  Polished  section  of  product  F  showing  fine 
grained  mottled  appearance. 

Figs.  16  and  17;  25  Diam.  Fracture.  Fig.  18;  25  Diam. 
Polished.  Product  F.  Crystals  are  approximately  y2  mm.  across 
and  badly  fractured. 

In  discussing  the  difference  between  silfrax  and  ordinary 
carborundum  it  is  necessary  to  consider  the  reactions  of  the 
carborundum  furnace.  The  reaction  of  silica  and  carbon  is  one 
which  under  varying  conditions  may  be  made  to  give  a  variety 
of  products.  Silicon  carbide,  silicon,  silicon  monoxide,  siloxicon, 
graphite  and  modifications  or  mixtures  of  these  may  all  be 
produced  by  variations  in  the  mixture  proportions  of  silica  and 
carbon,  temperature,  pressure,  rate  of  energy  expended  and  other 
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factors.  In  the  carborundum  furnace,  carborundum  is  initially 
formed  by  the  reaction  of  silica  vapors  on  carbon  beginning  at  a 
temperature  of  1,550°.  The  first  carborundum  so  formed  is 
always  associated  with  silica  and  may  be  regarded  as  a  definite 
compound,  as  siloxicon,  or  as  a  mixture  or  solid  solution  of 
silica  and  silicon  carbide.  Whatever  may  be  its  composition 
when  treated  with  HF  and  HNOa  it  is  freed  from  silica  and 
silicon,  the  residue  being  silicon  carbide  usually  in  the  amorphous 
state. 

At  a  higher  range  of  temperature  complete  conversion  occurs 
in  accordance  with  the  equation : 

SiCX  +  3C  =  SiC+  2CO.  (1) 

On  this  equation  is  generally  based  the  chemistry  of  the  car- 
borundum furnace,  but  as  a  matter  of  fact  another  reaction 
plays  the  most  important  part  in  the  formation  of  carborundum 
and  is  here  offered  as  a  theory  to  explain  fully  all  the  phenomena 
of  the  furnace.  Equation  (1)  explains  only  the  conversion  of 
carbon  particles  into  carborundum  in  situ,  the  crystals  or  aggre- 
gates so  formed  being  no  larger  than  the  original  carbon  particles. 
It  is-  impossible  to  explain  the  growth  of  large  crystals  or  crystals 
appreciably  larger  than  the  original  carbon  particles,  unless  it  be 
granted  that  both  the  carbon  and  silicon  when  combining  to  pro- 
duce these  crystals  are  in  the  form  of  vapor.  The  largest  and 
most  perfect  crystals  are  found  in  cavities  or  spaces  where  carbon 
and  silicon  in  some  form  of  gas  or  vapor  have  commingled  and 
combined  to  form  the  solid  crystals.  Such  form  of  carbon,  how- 
ever, cannot  be  vaporized  carbon  because  it  is  well  known  that, 
at  the  temperature  and  vapor  pressure  of  the  carborundum  fur- 
nace, carbon  has  no  appreciable  vapor  tension.  This  is  further 
proven  by  the  fact  that  the  effect  of  high  temperature  alone  is 
to  decompose  carborundum,  the  silicon  being  vaporized  and  the 
carbon  being  left  in  a  skeleton  of  the  exact  form  of  the  original 
carborundum  crystal. 

If  the  vapor  tension  of  carbon  was  appreciable  these  graphite 
pseudomorphs  would  not  retain  the  perfect  shapes  of  the  car- 
borundum crystals  so  generally  observed.  The  theory  is  unten- 
able therefore  that  carbon  vapor  and  silicon  vapor  unite  to  form 
the  large  crystal  growths. 
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To  explain  fully  all  the  phenomena  of  the  furnace  the  following 
reaction  is  necessary,  the  reaction  being  reversible : 

2CO  +  3Si  *>  2SiC  +  Si02  (2) 

Carbon  monoxide  and  vapors  of  silicon  and  silica  are  known 
to  be  present  throughout  the  furnace  atmosphere,  and  equilibrium 
relationships  and  the  direction  of  the  reaction  in  equation  (2) 
depend  on  the  temperature,  pressure  and  the  concentration  of  the 
reacting  substances.  The  direct  reaction  is  the  low  temperature 
reaction  and  is  exothermic.  It  occurs  throughout  the  crystalline 
zone,  and  on  it  is  based  the  building  up  of  the  large  crystals  from 
the  small  crystals  formed  by  equation  (1).  The  reverse  reaction 
occurs  in  the  hottest  part  of  the  furnace  and  next  to  the  core, 
and  explains  the  phenomenon  of  the  local  disappearance  of  car- 
borundum. This  is  observed  in  the  rounded  formation  of  the 
crystals  next  to  the  core,  which  have  lost  their  sharp  outline  on 
account  of  being  washed  by  the  silica  vapors.  It  is  further 
observed  in  the  smooth  channels  and  blow  holes  cut  through 
masses, of  crystals  by  the  blowing  out  of  the  furnace  gases.  That 
carborundum  can  be  decomposed  or  oxidized  by  silica  is  well 
known  and  is  one  of  the  methods  of  producing  silicon. 

Reaction  (2)  further  explains  the  phenomenon  of  the  re- 
crystallization  of  carborundum  first  discovered  by  FitzGerald. 
Recrystallization  can  only  occur  in  an  atmosphere  of  CO,  Si02 
and  Si.  It  is  impossible  to  recrystallize  carborundum  in  a  pure 
atmosphere  of  CO  by  the  action  of  heat  alone. 

Applying  these  considerations  to  silfrax  it  will  be  seen  that  it 
differs  fundamentally  from  ordinary  carborundum  in  its  mode 
of  production.  It  is  produced  mainly  in  accordance  with  equa- 
tion (1),  that  is  from  the  action  of  silicon  vapors  on  carbon  in  situ, 
and  not  from  gaseous  carbon  compounds.  The  crystals  com- 
posing silfrax  therefore  are  very  small  and  closely  aggregated. 
The  development  of  large  carborundum  crystals  requires  free 
space  for  the  circulation  of  gases.  The  largest  and  most  perfect 
crystals  in  the  carborundum  furnace  are  produced  in  cavities 
resulting  from  the  settling  of  the  charge  and  these  cavities  are 
located  at  a  point  on  the  temperature  gradient  representing 
approximately  the  equilibrium  temperature  for  equation  (2).  In 
producing  silfrax  the  density  of  the  carbon  article  is  such  that 
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when  the  initial  coating  is  formed  the  pores  are  almost  completely 
filled  with  SiC,  making  the  further  circulation  of  gases  very 
slow  and  difficult.  Reaction  (2)  which  is  vapor  reaction  cannot 
occur  to  any  extent  and  the  crystals  remain  small  and  closely 
compacted.  Silfrax  is  a  crystalline  aggregate  while  ordinary 
carborundum  is  a  crystal  or  crystal  aggregate.  To  this  is  due 
the  superior  toughness  and  mechanical  strength  of  silfrax. 

The  commercial  applications  of  silfrax  are  as  refractory  mate- 
rials, electrical  heating  elements  and  chemical  ware.  It  has  all 
the  chemical  and  heat  resisting  properties  of  carborundum  and 
in  addition  great  density  and  toughness.  Heretofore  the  articles 
produced  have  been  of  small  size.  Pyrometer  tubes  are  now 
made  24  inches  in  length,  and  by  special  furnace  construction  it 
will  be  possible  to  make  much  larger  sized  articles  for  special 
refractory  vessels  and  chemical  apparatus.  It  has  not  yet  been 
determined  whether  the  material  can  be  produced  of  sufficient 
density  to  be  used  as  acid  evaporating  vessels,  for  which  its  very 
low  co-efficient  of  expansion  and  high  thermal  conductivity 
specially  adapt  it. 


DISCUSSION. 

Charles  B.  Thwing:  I  am  interested  in  the  matter  from  the 
pyrometer  side.  There  are  two  particulars  in  which  the  tubes 
should  be  superior  to  porcelain  tubes ;  they  are  more  refractory 
and  doubtless  are  better  conductors  of  heat.  The  one  particular 
of  importance  is,  how  impervious  to  gas  the  tubes  are  as  com- 
pared with  porcelain  and  how  long  they  retain  this  impervious- 
ness  under  use  at  12000  or  15000. 

Jos.  W.  Richards  :  Do  these  tubes  give  off  silicon  vapor  which 
would  destroy  the  couple? 

Charles  B.  Thwing:    That  might,  possibly,  be  the  case. 

F.  A.  J.  FitzGerald:  When  I  read  over  the  advance  copy 
of  this  paper  a  few  days  ago  I  found  some  points  that  might 
be  criticised  and  saw  that  some  simple  experiments  might  throw 
light  on  these.  Moreover,  the  method  of  making  the  experiments 
seemed  to  be  a  suitable  demonstration  for  the  Experimental 
Symposium  next  Saturday. 
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Tone  offers  a  theory  of  the  carborundum  furnace  phenomena 
which  seems  to  be  based  on  doubtful  data.  Thus,  he  says  "it  is 
well  known  that,  at  the  temperature  and  vapor  pressure  of  the 
carborundum  furnace,  carbon  has  no  appreciable  vapor  tension." 
I  do  not  think  this  has  been  proved  or  that  it  is  generally  ad- 
mitted. On  the  contrary,  there  is  reason  to  believe  that  not  only 
is  the  vapor  tension  appreciable,  but  we  may  calculate  the  relative 
vapor  tensions  of  the  different  modifications  of  carbon. 

Forssell  has  pointed  out1  that  the  relative  properties  of  the 
different  modifications  of  carbon,  vis. :  diamond,  graphite  and 
amorphous  carbon,  have  been  studied  very  thoroughly  by  means 
of  the  reaction : 

c+co2  ^  2CO 

Equilibrium  changes  with  rising  temperature  until  at  iooo0  C. 
the  reaction  in  the  direction  of  the  right  member  of  the  equation 
is  nearly  complete.  But  the  equilibrium  is  different  according  to 
the  modification  of  the  carbon  in  contact  with  the  gaseous  mix- 
ture. This  made  it  possible  to  compute  the  relative  vapor  pres- 
sures of  the  different  modifications  of  carbon  and  Forssell  finds 
that  at  5000  C.  the  vapor  pressure  of  amorphous  carbon  is  3.7 
times  that  of  graphite,  while  at  6400  C.  it  is  5.4  times  as  great. 
It  appears  then  that  the  vapor  pressures  of  carbon  and  graphite 
are  regarded  as  sufficiently  appreciable  to  be  differentiated  at 
comparatively  low  temperatures. 

If  a  carbon  rod  is  embedded  in  quartz  sand  or  a  mixture  of 
quartz  sand  and  carbon  and  is  heated  strongly  with  an  electric 
current  we  might  expect  the  quartz  to  fuse  and  then  reacting 
with  the  carbon  form  a  gaseous  envelope  about  it.  The  silicon 
gas  should  act  directly  on  the  carbon  and  silicidize  it  and  should 
also  react  with  the  silica  vapor  building  silicon  carbide  crystals 
according  to  Tone's  equation  (2). 

A  graphite  rod  6  mm.  (0.25  inch)  in  diameter  and  200  mm. 
(8  inches)  long,  was  embedded  in  a  mass  of  quartz  sand  and 
heated  by  a  current  of  200  amperes  for  30  minutes.  The  results 
found  correspond  with  those  indicated  by  the  theory,  i.  e.,  the  rod 
was  superficially  silicidized  and  in  the  space  between  the  rod 
and  the  fused  silica  tube  some  fine  crystals  of  carborundum  were 
found. 

1  U.    S.    Patent   No.   983,887. 
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Now  still  assuming  the  same  theory,  if  the  carbon  rod  is  em- 
bedded in  a  mass  of  pulverized  silicon  we  would  expect  the 
latter  to  fuse  around  the  rod  and  silicidize  it  superficially.  When 
this  experiment  was  tried  it  was  found  that  while  there  was  a 
superficial  silicidizing  of  the  rod  the  surrounding  silicon  was 
largely  converted  into  silicon  carbide  to  a  distance  of  nearly 
20  mm.  (0.8  inch)  from  the  rod. 

Here  the  theory  seems  to  be  inapplicable  and  we  would  be 
inclined  to  believe  that  carbon  vapor  from  the  rod  had  combined 
with  the  surrounding  silicon.  However,  if  we  still  wanted  to 
support  the  theory  we  might  argue  that  in  the  somewhat  porous 
mass  of  pulverized  silicon  there  was  enough  air  entrapped  to 
oxidize  the  silicon  to  silica  required  by  equation  (2). 

This  suggested  the  use  of  a  graphitized  carbon  tube  17  mm. 
(0.7  inch)  outside,  13  mm.  (0.5  inch)  inside  diameter  and  150 
mm.  (6  inches)  long.  The  tube  was  filled  with  finely  pulverized 
silicon  and  the  ends  closed  with  graphite  plugs.  The  silicon  was 
moistened  with  a  little  kerosene  oil  so  that  when  the  tube  was 
heated  this  would  vaporize  and  wash  out  the  entrapped  air.  The 
tube  was  then  embedded  in  pulverized  charcoal  to  protect  it  from 
oxidation  and  heated  with  a  current  of  260  amperes.  It  was 
found  that  the  tube  was  partly  silicidized  on  its  inner  surface 
and  the  silicon  largely  converted  into  silicon  carbide. 

In  further  support  of  the  theory  Tone  says :  "it  is  impossible 
to  recrystallize  carborundum  in  a  pure  atmosphere  of  CO  by 
the  action  of  heat  alone."  If  this  means  that  by  heating  car- 
borundum in  an  atmosphere  of  CO  to  the  temperature  at  which 
it  forms  from  the  usual  mixture  of  silica  and  carbon,  then  the 
following  experiment  should  not  show  recrystallization : 

A  graphite  rod  6  mm.  (0.25  inch)  in  diameter  and  150  mm. 
long  was  embedded  in  carborundum  powder  containing  a  slight 
excess  of  free  carbon  and  heated  with  a  current  of  250  amperes. 
It  was  found  that  the  carborundum  was  recrystallized,  the  part 
next  the  rod  being  converted  into  graphite. 

If  we  still  want  to  support  the  theory  we  might  argue  that 
the  temperature  being  so  high  next  the  carbon  rod  and  driving 
off  silicon  from  the  silicon  carbide,  this  silicon  reacted  with  CO 
vapors  entrapped  in  the  porous  mass  of  carborundum  powder 
according  to  equation  (2).     The  silica  then  formed  could  react 
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according  to  equation  ( 1 )  and  so  on.  Accordingly  another  ex- 
periment was  tried  using  a  rod  10  mm.  (0.4  inch)  in  diameter 
and  150  mm.  (6  inches)  long  with  a  current  of  250  amperes. 
This  rod  would,  of  course,  be  at  a  much  lower  temperature  than 
the  6  mm.  rod  and  it  was  actually  found  that  no  decomposition'  of 
the  silicon  carbide  occurred,  but  the  recrystallization  was  satis- 
factory. 

The  conclusion  to  be  drawn  is  that  in  explaining  the  phenomena 
in  a  carborundum  furnace  it  is  better  to  work  on  the  hypothesis 
that  we  have  appreciable  vapor  pressures  not  only  of  silica  and 
silicon  but  of  carbon  and  silicon  carbide.  In  any  case  before  that 
hypothesis  ceases  to  be  useful  we  need  more  experimental  evi- 
dence than  has  so  far  been  disclosed. 

W.  R.  Mott  :  The  sublimation  point  of  carbon  at  atmospheric 
pressure  is  usually  given  as  36000  C.  (Violle,  Comptes  rendu, 
120,  868,  1895).  For  silicon,  I  imagine  the  boiling  point  is  of 
the  order  of  15000  C.  (See  von  Wartenburg,  Z.  f.  anorg.  Chem., 
79,  76,  1912).  The  sublimation  point  of  silicon  carbide  is  un- 
known, but  could  be  near  22000  C.  Silicon  carbide  is  assumed 
to  be  always  dissociated  before  reaching  a  vapor  stage.  I  sug- 
gest that  this  assumption  needs  further  investigation,  especially 
if  we  introduce  an  excess  of  one  of  the  products  of  reaction — 
silicon  vapor  which  would  tend,  by  the  mass  law,  to  hold  back 
the  dissociation  of  silicon  carbide  vapor.  The  precipitation  of 
silicon  carbide  in  the  cooler  parts  from  its  own  vapor  would 
explain  recrystallization. 

The  vapor  pressure  of  carbon  at  22000  C.  is  extremely  small, 
but  quite  measurable,  as  shown  by  the  miligrams  of  carbon  soot 
on  the  globes  of  incandescent  carbon  lamps  after  burning  several 
hundred  hours.  However,  we  do  not  know  the  rate  of  diffusion 
of  carbon  vapor  but  we  do  know  that  some  extremely  small  vapor 
pressures  can  show  very  marked  properties,  as  demonstrated  by 
Sir  Humphrey  Davy  over  a  century  ago.-  (He  used  a  method 
of  calculating  vapor  pressures  still  of  some  value.  See  Works 
of  Sir  Humphrey  Davy,  Vol.  VI,  p.  251,  On  Electrical  Phenomena 
Exhibited  in  Vacuo.) 

I  recall  that  Mr.  FitzGerald  used  kerosene  in  one  of  his  experi- 
ments. Would  not  the  volatile  hydrocarbons  play  an  important 
part? 
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W.  C.  Moore  :  With  reference  to  Mr.  FitzGerald's  experi- 
ments in  which  he  packed  silicon  in  a  graphitized  tube — possibly 
the  graphite  itself  may  be  porous  enough  to  hold  considerable 
quantities  of  air. 

Jos.  \Y.  Richards:  I  think  we  have  sufficient  ground  for 
calculating  a  vapor  tension  curve  of  carbon  with  pretty  fair 
probability  as  to  its  reliability.  Drawing  a  vapor  tension  curve 
of  carbon  with  an  assumed  normal  vaporizing  point  of  36000  C, 
at  760  mm.  pressure,  and  using  for  comparison  the  known  vapor 
tensions  of  iodine  and  of  ice,  we  have  the  following  diagram : 
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This  shows  that  carbon  has  a  probable  vapor  tension  of 
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When  it  is  remembered  that  the  Sherardizing  process  of  coating 
iron  with  zinc  operates  at  vapor  tensions  of  the  zinc  from  0.02 
mm.  Hg  to  0.10  mm.,  there  seems  ample  ground  for  assuming 
that  in  the  carborundum  furnace,  with  temperatures  up  to  22000, 
and  vapor  of  carbon  present  up  to  0.2  mm.  Hg  pressure,  that  the 
carbon  vapor  can  probably  play  an  important  part  in  the  chemical 
reactions  taking  place  in  the  furnace. 

A.  T.  Hinckley  :  I  would  like  to  ask  Mr.  Tone  how  the 
temperature  measurements  given  in  the  paper  were  made.  It 
makes  a  difference,  in  measuring  temperatures,  what  the  vapor 
is  in  the  space,  if  you  use  an  optical  method.  If  it  were  a  direct 
radiation  method,  it  makes  a  difference  what  the  surface  is. 

F.  J.  Tone:  The  theory  I  have  offered  for  the  formation  of 
carborundum  is  based,  of  course,  on  the  assumption  that  carbon 
has  no  appreciable  vapor  tension  at  the  temperature  of  the 
furnace.     If  it  has  such  vapor  tension,  the  theory  fails. 

Sir  William  Crookes  has  made  some  calculations  on  the  vapor 
tension  of  carbon,  and  the  results  are  given  in  the  proceedings 
of  the  Royal  Society  of  London,  Section  A,  1905.  Making  certain 
assumptions  he  calculated  that  carbon  had  a  zero  vapor  tension 
at  30000  absolute,  or  27000  C.  Aside  from  this,  the  experimental 
evidences,  I  think,  are  very  important.  I  have  mentioned  the 
graphite  pseudomorphs  of  carborundum.  They  retain  not  only 
their  crystalline  outline,  but  the  markings,  workings  and  spirals 
that  occur  on  the  faces  of  the  crystals,  often  40,000  to  50,000  to 
the  lineal  inch.  I  believe  that  if  the  vapor  tension  of  carbon 
plays  an  important  part  in  the  furnace,  it  must  be  of  considerable 
magnitude  and  in  such  case  the  outlines  and  markings  would 
disappear.  I  might  also  cite  the  Acheson  furnace  for  graphitizing 
carbons.  The  graphitized  carbons  retain  their  outline,  not  being 
corroded  or  eaten  away,  in  any  case,  except  where  in  contact  with 
silica  or  with  the  mixture  used  in  packing  the  furnace. 

The  main  criticism  I  would  make  of  Mr.  FitzGerald's  experi- 
ments is  that  they  are  not  carried  out  in  a  way  by  which  silicon  or 
silica  or  oxygen  are  absolutely  excluded.  A  very  small  amount  of 
air  or  silica  is  sufficient  to  satisfy  my  equation  (2).  Theoretically, 
an  infinitesimal  amount  of  silica  or  oxygen  would  recrystallize 
a    very    large    amount    of    carborundum.      In    Mr.    FitzGerald's 
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second  experiment  in  which  a  mass  of  pulverized  silicon  surrounds 
the  rod,  this  mass  will  certainly  be  pervious  to  air.  I  am  also  not 
prepared  to  say  what  role  carbon  dissolved  in  molten  silicon 
might  play  in  the  result  he  obtained.  The  same  thing  is  true  of 
the  charge  inside  the  carbon  tube  in  experiment  3 ;  the  carbon 
tube  might  be  very  pervious  to  gases,  and  the  silicon,  if  vapor- 
ized, would  react  with  the  carbon  monoxide  to  form  recrystallized 
carborundum  in  accordance  with  equation  (2). 

Regarding  the  recrystallization  of  carborundum,  results  based 
on  a  large  amount  of  experimental  work  have  shown  us  that  if 
a  molded  form  of  carborundum  powder  is  placed  in  a  mixture  of 
silica  and  carbon  in  the  carborundum  furnace,  the  recrystalliza- 
tion is  very  satisfactory.  The  crystals  are  large  and  the  mass  has 
good  mechanical  strength  and  tenacity.  If  the  same  article,  com- 
posed of  carborundum  powder,  is  placed  in  fire  sand  which  is 
much  lower  in  silica,  the  recrystallization  is  less  satisfactory,  the 
crystals  are  small  and  the  structure  is  weak.  If  we  continue 
further  and  place  the  same  article  in  a  packing  of  pure  carbor- 
undum, the  recrystallization  is  still  more  unsatisfactory  and  the 
article  has  no  mechanical  strength.  We  have  found  that  the 
degree  of  recrystallization  is  a  direct  function  of  the  concentra- 
tion of  silicon  and  silica  vapors  in  the  furnace.  To  avoid  the 
errors  which  might  creep  into  Mr.  FitzGerald's  experiment  on 
recrystallization,  our  laboratory  repeated  the  experiment  in  an 
Arsem  furnace,  which  is  a  closed  type  of  vacuum  furnace.  We 
used  a  reduced  atmosphere  of  carbon  monoxide.  The  crucible  of 
the  furnace  was  filled  with  3-F  powdered  carborundum,  carefully 
treated  with  sulphuric,  nitric  and  hydrofluoric  acids,  so  that  all 
silica  or  silicon  was  removed.  The  temperature  of  the  crucible 
here  shown  has  not  been  uniform  throughout  its  length.  In  the 
upper  or  hottest  zone  the  SiC  powder  is  completely  converted  to 
graphite.  In  the  next  lower  zone  are  found  large  crystals  of 
carborundum  or  recrystallized  carborundum.  In  the  lowest  zone 
the  powder  is  unchanged.  From  a  casual  inspection  one  might 
say  that  the  recrystallization  proves  FitzGerald's  theory,  but 
closer  examination  shows  that  the  graphite  is  very  fine  and  con- 
sists of  pseudomorphs,  not  of  large  crystals  of  the  adjacent  zone, 
but  of  the  fine  powder  of  the  lower  zone.  This  shows  that  the 
large  crystals  were  formed  only  after  a  silicon  atmosphere  had 
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been  produced  from  a  disassociation  of  the  carborundum  powder. 
I  think  if  Mr.  FitzGerald's  experiments  were  repeated  in  a 
closed  atmosphere,  the  results  would  be  entirely  different. 

My  statement  of  temperatures  of  the  respective  zones  of  the 
furnace  are  based  on  determinations  given  in  papers  by  H.  W. 
Gillett  and  L.  E.  Saunders.1 

Horace  W.  Gillett:  We  have  tried  the  silfrax  tubes  as 
protection  for  pyrometers  for  use  in  molten  brass  and  bronze. 
The  tubes  withstand  plunging,  cold,  into  the  molten  metal  without 
cracking,  and  withstand  oxidation  remarkably  well. 

However,  base  metal  couples  deteriorate  rapidly  when  in  direct 
contact  with  the  silfrax,  and  the  time  lag  in  a  silfrax  tube  thick 
enough  to  be  mechanically  strong,  is  too  great  for  our  purpose. 
By  using  a  nickel  tube  with  a  tiny  molybdenum  tube  on  its  end, 
and  a  silfrax  tube  about  the  nickel  tube,  with  the  molybdenum 
projecting  through  the  silfrax  so  that  only  silfrax  and  molyb- 
denum come  in  contact  with  the  metal,  a  useful  protecting  tube 
is  obtained.  The  silfrax  is  an  essential  part  of  the  outfit,  and 
we  feel  grateful  to  Mr.  Tone  for  making  this  material  available. 

The  silfrax  tubes  are  too  permeable  to  gas,  and  to  zinc  vapor, 
when  used  on  brass  at  high  temperatures,  to  allow  the  satisfactory 
use  of  optical  pyrometers.  An  impervious  glaze  on  the  inside  of 
the  tube,  which  I  understand  Mr.  Tone  is  trying  to  develop,  is 
needed. 

W.  C.  Moore  :  I  ask  Mr.  Tone  if  he  has  kept  any  of  graphite 
pseudomorphs  at  a  constant  high  temperature  for  a  long  time 
to  see  if  they  finally  lose  their  shape? 

F.  J.  Tone  :  Only  at  the  temperature  of  the  carborundum 
furnace,  at  the  outside  of  the  core,  which  is  2240°  C.,  and  for  the 
regular  furnace  period  of  36  hours. 

F.  A.  Lidbury  :  The  fact  that  the  pseudomorphs  do  not  lose 
their  shape  would  not  be  inconsistent  with  the  existence  of  a  fair 
vapor  tension  if  they  remain,  as  seems  possible,  in  contact  with 
gases  saturated  with  carbon  vapor,  such  as  might  be  imagined 
to  be  continually  supplied  by  the  core. 

Jos.  W.  Richards  :     I  have  seen  a  number  of  these  pseudo- 

1  Jour.  Phys.  Chem.,  IS,  213;  and  L-  E.  Saunders.  Trans.  Amer.  Electrochem.  Soc, 
21,  425. 
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morphs  of  the  graphite,  and  while  they  have  the  same  general 
form  and  approximately  the  form  of  the  carbon  crystals,  they 
lack  entirely,  as  far  as  I  have  seen,  the  sharpness  of  outline  of 
the  carborundum  crystal.  They  have  a  slightly  round  or  worn 
appearance.  Perhaps  Mr.  Tone  has  seen  others  as  sharp  as 
carborundum  crystals,  but  I  have  not. 

F.  J.  Tone  :  Some  discussion  might  have  been  avoided  if  I 
had  defined  my  use  of  the  term  "appreciable  vapor  tension."  I 
do  not  contend  that  the  vapor  tension  is  not  calculable  or  meas- 
urable, but  that  it  is  not  sufficient  to  be  considered  as  a  practical 
factor  in  the  formation  of  carborundum  and  in  explaining  the 
various  phenomena  of  the  furnace  such  as  the  formation  of  large 
crystals,  recrystallization,  the  local  disappearance  of  carborundum 
and  the  stability  of  the  graphite  pseudomorphs. 


A  paper  presented  at  the  Twenty  sixth 
General  Meeting  of  the  American  Electro- 
I,  1914,  President  F.  A.  Lidbury  in  the 
Chair. 


THE  CONSTANCY  OF  BASE  METAL  THERMOCOUPLES  AS 
RELATED  TO  THE  MICROSTRUCTURE 

By  O.  L.   Ko WALKS. 

In  a  previous  paper  on  base  metal  thermocouples1  it  was  shown 
that  some  couples  retained  a  reasonably  constant  calibration  dur- 
ing a  series  of  tests,  while  others  did  not.  The  reasons  for  devi- 
ations from  the  original  calibrations  did  not  appear  to  be  due 
entirely  to  mechanical  strains  or  lack  of  uniformity  in  the  metal. 
It  seemed  probable  that  there  might  have  been  changes  in  the 
structure  of  the  metal  due  to  heat  treatments,  or  that  such  alloys 
were  used  in  the  wires  which  when  exposed  to  high  temperatures 
would  produce  heterogeniety.  The  purpose  of  this  investigation 
was  to  establish  relations  between  the  microstructures  of  the  wires 
of  the  couples  and  their  calibrations  under  various  conditions  of 
test. 

The  assistance  of  Messrs.  J.  H.  Wolfe  and  R.  G.  Waltenberg 
in  obtaining  these  data  is  gratefully  acknowledged. 

PROCEDURE. 

Five  separate  samples  about  one-quarter  of  an  inch  long  were 
cut  from  each  of  the  wires  of  the  couples.  Sections  of  each  set 
of  samples  were  prepared  for  microscopic  examination  to  show 
the  original  structure  and  that  following  a  two-hour  heat  treat- 
ment at  400°C,  6oo°C,  8oo°C,  and  i,ooo°C.  respectively. 

The  heat  treatment  of  the  samples  was  made  in  the  following 
manner.  A  complete  set  of  samples  from  each  couple  was 
mounted  on  an  asbestos  board  and  put  into  a  muffle  3^"  x  3^"  x 
2"  high.  The  muffle  was  wound  with  resistance  wire  and  heated 
electrically.     The  temperature  in  the  muffle  was  measured  by  a 

1  Trans.   Am.   Electrochem.    Soc,   Vol.   XXIV,    1913,   p.   377. 
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calibrated  thermocouple  indicating  on  a  Keiser  &  Schmidt  milli- 
voltmeter,  and  was  maintained  constant  at  the  desired  point  for 
a  period  of  two  hours.  The  samples  were  then  removed  from 
the  furnace  and  cooled  in  the  air. 

After  cooling  they  were  polished  to  a  mirror  surface  on  a 
section  perpendicular  to  the  axis  of  the  wire  and  mounted  on  a 
glass  slide  in  the  usual  manner. 

The  samples  were  first  examined  to  determine  whether  any 
structure  was  brought  out  by  polishing,  as  would  be  the  case  with 
a  mixture  of  hard  and  soft  metals.  Various  etching  agents  were 
then  tried.  It  appeared  that  solutions  of  5  percent  picric  acid 
in  alcohol,  and  5  percent  iodine  in  alcohol  were  the  two  etching 
agents  that  brought  out  the  structures  best.  As  soon  as  a  good 
structure  was  obtained  a  photomicrograph  was  taken.  The 
structures  are  shown  on  the  accompanying  plates. 

COMPOSITION  OF  THE  WIRES. 

The  wires  of  these  couples  were  of  sizes  ranging  from  one- 
eighth  inch  to  one-sixteenth  inch  (3.2  mm.  to  1.6  mm.)  diameter. 
A  quantitative  analysis  of  each  wire  showed  the  following: 
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OBSERVATIONS. 

Couple  No.  6A.  After  being  heated  for  24  hours  at  8oo°C.  this 
couple  showed  a  departure  of  I25°C.  at  35  millivolts  from  the 
original  calibration.  Inspection  of  the  micrographs  of  the  nega- 
tive terminal  shows  in  the  dendrite  structure  a  distinct  segrega- 
tion of  material.  These  dendrites  are  due  apparently  to  the 
presence  of  silicon.  Binary  alloys  of  nickel  and  silicon  show  this 
segregation  phenomenon,  while  nickel  iron  alloys,  low  in  iron, 
show  a  uniform  structure  indicating  a  solid  solution.  The  micro- 
graphs of  the  positive  terminal  show  the  condition  of  a  solid 
solution. 

In  some  subsequent  tests  on  a  negative  terminal  of  another 
couple,  represented  to  be  like  the  one  tested,  in  which  a  break 
occurred,  the  following  phenomena  were  observed.  A  longi- 
tudinal section  at  the  point  of  rupture  showed  crystal  grains  and 
segregations  about  four  times  as  large  as  those  obtained  at  a 
point  where  the  wire  had  not  been  exposed  to  the  high  temper- 
atures. 

It  would  appear,  then,  that  the  cause  for  the  large  change  in 
calibration  was  due  to  the  segregation  of  the  material  in  the 
negative  terminal  and  that  silicon  is  a  metal  of  doubtful  value 
in  thermocouple  alloys. 

Couple  No.  yA.  The  departure  from  the  original  calibration 
to  the  last  was  gradual  and  increased  from  zero  to  about  25  °C. 
at  24  millivolts.  In  the  micrographs  of  both  negative  and  posi- 
tive terminals,  the  structure  of  solid  solution  appears  throughout 
the  tests.  In  the  treatment  at  6oo°C.  for  the  negative  terminal 
there  appears  to  be  a  suggestion  of  crystal  structure,  but  no 
change  in  the  calibration  is  apparent. 

Couple  No.  18.  The  big  change  in  calibration  for  this  couple 
occurred  between  the  initial  calibration  with  4  inches  heated  and 
the  second  calibration  with  15  inches  heated.  This  is  due,  no 
doubt,  to  mechanical  strains.  After  the  first  heat  treatment  the 
change  in  calibration  is  no  greater  than  other  couples,  being 
only  about  30°C. 

The  micrographs  of  the  negative  and  positive  terminals  show 
a  constancy  of  structure  throughout  the  treatments  except  for 
that  at  i,ooo°C.  where  a  large  crystal  structure  appears  in  the 
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iron.     The  nickel-aluminium  alloy  of  the  negative  wire  does  not 
change  from  the  characteristics  of  a  solid  solution. 

Couple  No.  20.  A  change  in  calibration  of  only  about  20°C. 
was  observed  over  the  entire  range.  The  micrograph  of  the  nega- 
tive terminal  shows  that  here  again  the  solid  solution  of  nickel 
in  copper  has  maintained  constant  calibration.  The  micrograph 
of  the  positive  terminal  of  iron  shows  characteristic  structures 
for  the  various  temperatures. 

It  would  seem  fair  to  predict  that  "constantan,"  an  alloy  of  60 
percent  copper  and  40  percent  nickel,  would  give  equally  good 
results  as  the  above  alloys  of  copper  and  nickel. 

Couple  No.  21.  This  couple  was  not  reported  in  the  first 
paper,  but  gave  results  in  calibration  that  were  similar  to  those 
of  Couple  No.  7A.  Couple  No.  21  had  for  its  positive  wire  an 
alloy  known  to  the  trade  as  "Excello,"  and  the  negative  wire  was 
known  as  "Pure  Nickel."  Both  of  these  wires  were  purchased 
originally  as  resistance  wire  and  were  made  into  couples  in  this 
laboratory. 

The  micrographs  of  both  wires  show  conditions  of  solid  solu- 
tions in  all  cases. 

CONCLUSIONS. 

From  these  data  it  would  appear  reasonable  to  conclude  tbat 
those  metals  which  form  solid  solutions  with  one  another,  give 
the  best  results,  providing  that  the  thermoelectric  force  is  satis- 
factory and  the  melting  point  high. 

Silicon  does  not  appear  to  be  a  desirable  constituent  in  a  nickel 
alloy  for  thermocouple  material. 

Any  segregation  of  the  metal  has  an  undesirable  effect  on  the 
constancy  of  the  couple. 

Wires  containing  but  one  metal  showed  a  satisfactory  structure. 

Cliemical  Engineering  Laboratory, 
University  of  Wisconsin. 


Couple  No.   6A.     Positive   Terminal. 
Etched  with  Iodine.     Ni  —  86.0%;  Cr  =  14.3%. 
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Couple   No.   6A.     Negative    Terminal. 
Etched  with  Iodine.     Ni  =  946% ;  Fe  =  2.2% ;  Si  —  2.4%. 
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Coupk  No.  yA.     Positive    Terminal. 
Etched  with  Iodine.    Cr  —  w.oir/c ;  Fe  =  30.00%;  Ni  —  59-90%. 
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DISCUSSION'. 

W.  R.  Morr :  I  believe  INIr.  Tone  will  bear  me  out  in  the 
statement  that  freshly  made  alloys  of  silicon  with  iron  or  man- 
ganese, frequently  recrystallize  shortly  ofter  being  taken  out  of 
the  furnace. 

Silicon  is  interesting  in  another  way.  as  regards  its  thermo- 
electric characteristics.  Messrs.  F.  Fischer.  R.  Lepius  and  E. 
Boerwind  have  reported  on  the  thermoelectric  power  of  silicon.2 
If  it  is  deoxidized,  the  e.  m.  f.  is  exactly  in  the  reverse  direction 
from  silicon  which  contains  dissolved  silica,  and  the  difference 
amounts  to  almost  iooo  microvolts  per  degree. 

Charles  B.  Thwing  (Communicated)  :  I  for  one  am  grateful 
to  Professor  Kowalke  for  carrying  his  researches  on  thermo- 
couples to  so  interesting  a  conclusion.  While  seeking  a  relation 
between  thermo-electromotive  force  and  co-efficient  of  expansion, 
some  ten  years  ago,  I  met  some  striking  exhibitions  of  the  effect 
of  aggregation  of  crystals  as  changed  by  heat  upon  both  of  these 
properties  of  certain  metals  and  alloys. 

Antimony,  for  example,  when  cast  in  an  iron  chill  crystallized 
radially.  With  repeated  heating  to  100  degrees,  the  length  con- 
tinued to  increase  and  the  electromotive  force  to  diminish  for 
several  successive  heatings.  Since  the  electromotive  force  differs 
for  different  axes.  I  attributed  the  change  to  a  re-arrangement 
of  the  crystals  in  which  some  crystals  were  oriented  more  nearly 
parallel  to  the  axes,  or  as  they  would  have  arranged  themselves 
if  the  metal  had  cooled  more  slowly  when  cast.  The  change  of 
electromotive  force  on  the  first  heating  was  more  than  ten  percent. 

I  hope  that  Professor  Kowalke  will  apply  the  same  tests  to 
platinum  thermocouples  that  have  been  damaged  by  long  use. 
Such  couples  may  often  be  restored  by  glowing  them  with  a 
current  not  sufficient  to  melt  the  wire  but  to  reach,  say  1500 
degrees.  Microphotographs  taken  before  and  after  such  a  restor- 
ation would  be  of  exceeding  interest. 

Jos.  W.  Richards:  Some  of  the  so-called  standard  couples 
which  have  been  standardized,  and  probably  accurately  standard- 
ized, in  the  laboratory  of  the  maker,  when  they  have  been  brought 
into  the  works  and  used  again,  will  show  a  variation   of   from 

-  I'bysik.    Zeit..    14.    430-46:    Zeit.    anorg.    Chem..    81.    243-65. 
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io°  to  over  ioo°  C.  from  the  standardization.  The  changing 
micro-structure  is  probably  the  cause  of  this  great  deviation, 
which  makes  them  almost  unusable  for  accurate  work. 

B.  L.  Glascock  :  The  couples  that  come  from  the  maker 
direct  to  the  user  generally  are  not  calibrated  by  the  user,  who 
assumes  that  the  calibration  of  the  maker  is  correct.  Four 
couples  supposed  to  have  been  standardized  by  the  manufacturer, 
when  they  were  checked  against  a  platinum — platinum-rhodium 
couple,  were  found  to  vary  from  8°  to  52°  at  a  temperature  of 
iooo0.  We  have  had  couples  which  had  been  used  and  repaired 
that  varied  as  much  as  ioo°  at  10000  C. 

M.  G.  Lloyd:  I  think  it  would  add  a  great  deal  to  the  value 
of  this  information  if  the  last  two  speakers  would  say  what  the 
materials  of  the  couples  were. 

W.  A.  McKnighT:  The  makers  of  the  couples  on  which 
these  tests  were  made  will  not  state  the  composition  of  the  alloy 
used  and  no  analyses  have  been  made  which  would  tend  to  show 
the  composition  of  the  couple.  However,  it  is  one  that  is  manu- 
factured for  use  at  1250°  C,  and  at  10000  C.  the  conditions  stated 
by  Mr.  Glascock  were  found  to  exist. 
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THE  EVAPORATOR  AND  THE  POWER  PROBLEM  IN 
ELECTROCHEMICAL  PLANTS. 

By  Otto  Mantius. 

The  electrolysis  of  sodium  or  potassium  chloride  solutions  will 
produce  liquors  which  with  very  few  exceptions  cannot  be  used 
or  marketed  without  further  concentration.  In  most  cases  con- 
siderable quantities  of  water  have  to  be  removed,  and  it  is  gen- 
erally acknowledged  that  the  cost  for  fuel,  labor,  repairs,  interest 
and  depreciation  to  be  charged  to  the  evaporating  equipment  have 
considerable  influence  on  the  rentability  of  the  whole  plant. 

During  the  last  few  months  we  have  heard  a  great  deal  about 
the  conditions  under  which  reciprocating  engines,  steam  turbines 
or  water  power  can  be  used  for  the  generation  of  electric  current 
to  best  advantage.  In  this  paper  I  shall  present  some  of  the 
factors  and  conditions  which  should  be  considered  when  laying 
out  an  electrochemical  plant  where  an  evaporating  system  has  to 
work  in  connection  with  water  power  or  steam  plant. 

I  shall  not  attempt  to  discuss  the  efficiency  of  the  great  variety 
of  cells  which  are  in  daily  use  for  the  manufacture  of  caustic 
liquors,  as  the  figures  given  below  can  readily  be  changed  and 
discounted  for  any  particular  system.  I  shall  not  go  into  the 
question  whether  water,  gas  or  steam  should  be  used  to  produce 
the  electric  current.  I  shall  restrict  myself  entirely  to  the  dis- 
cussion of  those  features  and  conditions  which  have  a  bearing 
on  the  design  of  the  evaporating  equipment. 

The  installation  of  an  evaporator  would  be  a  very  simple 
matter  if  we  had  to  deal  with  sugar  juice,  black  liquor  or  packing- 
house tank  water.  A  double  or  triple  effect  for  small  quantities 
and  a  quadruple  effect  for  larger  amounts  of  liquor  could  be 
bought,  installed  and  operated  at  comparatively  low  first  cost 
and  running  expenses.  The  problem  of  a  caustic  liquor  evaporator 
is  somewhat  complicated  by  the  incrustations  of  the  tubes,  the 
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corrosive  action  of  the  liquor  itself  and  the  high  boiling  point 
of  the  more  concentrated  solution,  which  practically  eliminates 
the  use  of  a  quadruple  effect  even  for  large  quantities,  restricts 
the  operation  of  a  triple  effect  to  certain  favorable  conditions, 
and  makes  a  double  effect  the  most  economical  equipment  for  a 
plant  of  medium  capacity. 

Inasmuch  as  this  statement  is  quite  contrary  to  ordinary  prac- 
tice, I  give  the  following  figures  for  steam  consumption  of 
various  equipments,  which  will  explain  and  prove  my  contention : 

My  calculation  has  been  based  on  the  following  assumptions : 

Capacity   in   24   hours 20,000  lb.   (9091kg.)   NaOH. 

Power    required    1500  E.  H.  P. 

Weak  liquor  20,000  gal.    (75,750  liters)    with   120  grams 

NaOH  and  100  grams  NaCl  per  liter. 
Heavy   liquor    3440   gal.    (13,200    liters)    with    700   grams 

NaOH  and  16  grams  NaCl  per  liter. 
Evaporation     16,560  gal.  (62,650  liters)  in  20  hours  =  828 

gal.  (3135  liters)  per  hour. 

The  hourly  steam  consumption,  including  radiation  loss,  pre- 
heating of  the  weak  liquor  from  700  F.  (21  °  C.)  and  evaporation 
of  the  wash  water,  will  be  as  follows : 

Single  Effect — 7900  lb.;  6000  lb.  direct  steam,  1900  lb.  exhaust  from  pumps 

(3590;  2727  and  863  kg.). 
Double  Effect — 5090  lb. ;  3690  lb.  direct  steam,  1400  lb.  exhaust  from  pumps 

(2312;   1676  and  636  kg.). 
Triple  Effect — 4600  lb. ;  3400  lb.  direct  steam,  1200  lb.  exhaust  from  pumps 

(2090;   1544  and  546  kg.). 
Trifle  Effect  and  Single  Effect — 4300  lb. ;  3000  lb.  direct  steam,   1300  lb. 

exhaust  from  pumps  (1952;  1362  and  590  kg.). 

Single  effect  and  double  effect  are  to  be  operated  with  steam 
at  7  lb.  and  20  lb.  gauge  pressure  (0.5  and  1.3  kg.  per  sq.  cm.), 
triple  effect  at  from  60  lb.  to  70  lb.  (4  to  4.7  kg.  per  sq.  cm.) 
and  the  combination  triple  effect  and  single  effect  with  steam  at 
from  7  lb.  to  20  lb.  (0.5  to  1.3  kg.  per  sq.  cm.).  In  the  latter 
arrangement  the  triple  effect  concentrates  the  weak  liquor  to 
about  400  grams  per  liter,  and  the  single  effect  finishes  the  process 
to  700  grams  NaOH  per  liter.  This  arrangement  will  permit  the 
use  of  low  pressure  steam,  and  should  always  be  used  where 
larger  quantities  of  liquor  have  to  be  handled. 

The  above  figures  show  that  the  efficiency  of  the  evaporator 
increases  with  the  number  of  effects  as  usual,  even  if  the  dif- 
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ference  is  not  as  large  as  might  be  expected  from  general  practice. 
The  comparatively  high  steam  consumption  of  the  high  pressure 
straight  triple  effect  is  due  to  the  increased  radiation  losses  and 
the  large  amount  of  wash  waters  to  be  handled  and  preheating 
to  be  done. 

These  conditions  will  change  as  soon  as  we  use  a  part  or  all 
of  the  exhaust  steam  of  engines  or  turbines  for  the  evaporation 
of  the  caustic  liquors. 

Where  the  electricity  for  the  cells  has  to  be  generated  in  a 
steam  plant,  either  steam  turbines  or  reciprocating  engines  may 
be  used  and  the  exhaust  utilized  in  the  evaporator.  As  the 
quantity  of  steam  required  for  power  purposes  is  about  three 
times  larger  than  the  amount  needed  for  the  evaporator,  the 
ordinary  method  of  using  all  the  engine  exhaust  at  about  5  lb. 
(0.3  kg.  per  sq.  cm.)  pressure  for  the  concentration  of  the 
caustic  liquor  can  only  be  applied  in  very  small  plants  by  running 
the  evaporator  about  seven  hours  per  day  and  operating  the 
engine  during  the  rest  of  the  time  in  connection  with  the  con- 
denser attached  to  the  evaporator. 

In  most  cases  it  is  necessary  to  run  a  multiple  effect  evaporator 
continuously  and  utilize  only  a  part  of  the  steam,  which  has 
entered  the  engine  or  turbine  at  high  pressure  and  is  withdrawn 
at  from  20  lb.  to  30  lb.  (1.3  to  2.0  kg.  per  sq.  cm.).  I  find 
that  for  this  kind  of  work  steam  turbines  are  not  quite  as  suitable 
as  reciprocating  compound  engines,  as  in  a  steam  turbine  a  large 
part  of  the  work  is  done  during  the  low  pressure  period.  While 
actual  tests  on  small  compound  engines  show  that  10  lb.  (4.5  kg.) 
steam  withdrawn  from  the  receiver  at  20  lb.  (9.1  kg.  per  sq.  cm.) 
pressure  require  only  from  5  lb.  to  6  lb.  (2.25  to  2.75  kg.)  extra 
steam  at  125  lb.  (8.3  kg.  per  sq.  cm.)  pressure,  the  guarantees 
given  for  large  steam  turbines  ask  for  8  lb.  (3.6  kg.)  extra  steam 
at  150  lb.  (10  kg.  per  sq.  cm.)  pressure  added  for  10  lb.  (4.5  kg.) 
steam  withdrawn  at  20  lb.  (1.3  kg.  per  sq.  cm.)  pressure. 

To  produce  20,000  lb.  (9,091  kg.)  NaOH  in  24  hours  the 
steam  plant  should  develop  1,500  E.  H.  P.  A  compound 
condensing  Corliss  engine  will  use  15  lb.  (6.8  kg.)  steam  per 
E.  H.  P.  per  hour  and  increase  its  steam  consumption  1  lb.  (0.45 
kg.)  for  every  2  lb.  (0.91  kg.)  discharged  from  the  receiver  at 
20  lb.   (9.1  kg.)   pressure  or  higher. 
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Assuming  that  i  ton  of  coal  furnishes  15,000  lb.  (6,820  kg.) 
of  dry  steam  at  a  cost  of  $3.00,  i.  e.,  1,000  lb.  (454  kg.)  of  steam 
for  $0.20,  the  steam  and  coal  consumption  of  engine  and 
evaporator  combined  will  then  be  as  follows : 

Single  Effect. 

Engine 1500  x  15  x  24  =  540,000  lb.  (245,300  kg.)  steam 

Evaporator   3000  x  20  =   60,000 lb.  (  27,270  kg.)  steam 

Pumps    1000  x  20  =    38,000  lb.  (  17,270  kg.)  steam 

638,0001b.  (289,840  kg.)  steam 
Fuel  cost  per  day  =  $127,60;  per  1000  lb.   (454  kg.)   NaOH  =  $6.38. 

Double  Effect. 

Engine 1500  x  15  x  24  =  540,000  lb.  (245,300  kg.)  steam 

Evaporator   1845  x  20  =    36,900  lb.  (   16,760  kg.)  steam 

Pumps    1400  x  20  =   28,000  lb.  (  13,330  kg.)  steam 

604,000 lb.  (275,300kg.)  steam 
Fuel  cost  per  day  =  $120.08;  per  1000  lb.   (454  kg.)   NaOH  =  $6.05. 

Trifle  Effect  and  Single  Effect. 

Engine 1500  x  15  x  24  =  540,000  lb.  (245,300  kg.)  steam 

Evaporator   1500x20=    30,000  lb.  (   13,635  kg.)  steam 

Pumps    1300  x  20  =    26,000  lb.  (  11,820  kg.)  steam 

596,000 lb.  (270,755  kg.)  steam 
Fuel  cost  per  day  =  $119.20;  per  1000  lb.   (454  kg.)   NaOH  =  $5.96. 

A  straight  triple  effect  naturally  can  not  be  operated  on  steam 
of  20  lb.  (1.3  kg.  per  sq.  cm.)  pressure,  and  live  steam  has  to 
be  used  altogether. 

Triple  Effect. 

Engine 1500  x  15  x  24  =  540,000  lb.  (245,300  kg.)  steam 

Evaporator    3400 x 20  =    68,000 lb.  (  30,900 kg.)  steam 

Pumps    1200  x  20  =    24,000  lb.  (   10,900  kg.)  steam 

632,0001b.  (287,100  kg.)  steam 
Fuel  cost  per  day  =  $126.40;  per  1000  lb.   (454  kg.)   NaOH  =  $6.32. 

In  all  cases  evaporators  and  pumps  work  only  20  hours  per 
day,  while  the  cells  are  naturally  operated  during  the  full 
24  hours. 

These  figures  show  that  for  a  production  of  3,600  tons  caustic 
per  year  the  cost  of  fuel  is  about  $2,000.00  higher  for  a  straight 
triple  effect  than  for  a  double  effect  or  combination  triple  and 
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single  effect.  Besides,  we  must  not  forget  that  a  high  pressure 
triple  effect  is  considerably  more  expensive  in  first  cost  and 
repairs,  and  is  sometimes  difficult  and  even  dangerous  to  operate. 
Wherever  possible,  evaporators  for  caustic  liquors  of  high 
density  should  be  operated  under  vacuum,  as  it  will  prevent  loss 
of  caustic  and  reduce  the  corrosive  action  of  the  liquor. 

Quite  a  number  of  electrochemical  plants  obtain  the  necessary 
power  at  very  low  rates  from  central  power  plants,  but  have  to 
install  boilers  to  furnish  steam  for  the  evaporators.  At  first 
glance  it  would  appear  that  a  high  pressure  triple  effect  might 
be  the  most  economical  equipment,  but  the  following  figures  will 
prove  that  as  far  as  cost  of  power  is  concerned  a  different 
arrangement  is  preferable.  Let  us  assume  that  only  $22.00  is 
charged  for  one  E.  H.  P.  per  year  and  that  1,000  lb.  (454  kg.) 
steam  cost  $0.20  as  before. 

Straight  Triple  Effect. 

Cost  of  power 1500  x  22  =  $  90.40 

365 
Evaporator   and   pumps 4600  x20  =  92,000  lb.  =      18.40 

$108.80 
Therefore  1000  lb.  (454  kg.)  NaOH  =  $5.44. 

We  have  seen  before  that  a  combination  triple  and  single  effect 
can  be  operated  at  low  pressure  and  uses  less  steam  than  a 
straight  triple  effect.  We  can  therefore  first  use  the  high  pressure 
steam  in  a  special  compound  engine  to  furnish  a  certain  amount 
of  power  at  not  any  cost  for  fuel,  and  then  utilize  the  exhaust 
for  the  evaporation  of  the  liquor.  Assuming  that  the  engine  will 
use  23  lb.  (10.5  kg.)  per  E.  H.  P.,  and  therefore  produce  130 
E.  H.  P.  from  the  available  3,000  lb.  (1,364  kg.),  we  have  only 
to  purchase  1,370  E.  H.  P.  outside  power,  and  the  cost  will  be 
as  follows : 

Combination  Triple  and  Single  Effect. 

Power    1370  x  22  =  $  82.60 

_365 

Engine  and  evaporator 130  x  23  x  24  =  72,000  =      14.40 

Pumps    1300  x  20  =  26,000  =       5.20 

$102.20 
1000  lbs.  (454  kg.)  NaOH  =  $5.11. 
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This  would  mean  a  saving  of  over  $2,400  per  year,  less 
interest,  depreciation  and  repairs  of  engine.  Quite  frequently  it 
might  not  be  desirable  to  install  such  an  engine,  but  there  will 
always  be  a  number  of  pumps  and  small  engines  the  exhaust  of 
which  should  be  used  in  the  evaporating  equipment. 

We  could  even  go  a  step  further  and  install  a  500  E.  H.  P. 
compound  condensing  engine,  use  in  the  evaporator  steam  taken 
from  the  receiver  and  contract  for  only  1,000  E.  H.  P.  to  be 
taken  from  the  central  station.  Considering  the  cost  of  extra 
labor,  repairs  and  depreciation,  we  would  not  save  much,  but  the 
engine  could  be  arranged  so  as  to  take  up  the  peak  load,  for 
which  otherwise  in  most  cases  heavy  penalties  have  to  be  paid, 
and  the  plant  could  be  operated  at  two-thirds  of  its  normal 
capacity  by  shutting  down  the  engine  without  having  to  pay 
for  more  than  the  1,000  E.  H.  P.  Besides,  the  plant  has  not  to  be 
closed  down  entirely  in  case  the  central  plant  should  not  be  able 
to  furnish  the  current. 

Similar  conditions  prevail  in  plants  where  gas  engines  or 
heavy  oil  engines  are  used  to  generate  the  current  for  the  cells. 
A  double  effect  or  combination  triple  and  single  effect  using 
exhaust  steam  from  auxiliary  engines  and  pumps  will  give  the 
best  results. 

A  type  of  engine  used  very  little  in  this  country  is  the  Lentz 
patented  superheated  steam  engine,  which  even  in  small  units 
will  produce  current  at  surprisingly  low  cost.  I  was  told  last 
year  during  a  visit  to  Germany  that  one  E.  H.  P.  can  be  produced 
by  10  lb.  (4.5  kg.)  of  steam  and  less  in  a  300  kw.  unit.  This 
would  make  the  Lentz  engine  the  ideal  motive  power  for  small 
plants  furnishing  bleach  liquor  and  caustic  for  paper  mills. 

The  foregoing  figures  lead  to  the  conclusion  that  a  straight 
triple  effect  operated  with  high  pressure  steam  should  never  be 
used  for  the  concentration  of  caustic  liquors.  The  first  cost  is 
high,  and  the  expenses  for  fuel,  repairs  and  renewal  are  more 
than  for  any  other  arrangement.  Besides,  such  a  triple  effect  is 
considered  by  many  people  a  general  nuisance  and  source  of 
trouble  on  account  of  the  difficulties  in  keeping  joints  and 
valves  tight. 

As  far  as  the  cost  of  fuel  per  1,000  lb.  (454  kg.)  NaOH  is 
concerned,  there  is  not  much  difference  between  a  single,  double 
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or  combination  triple  and  single  effect,  but  low  first  cost  and 
simplicity  of  operation  should  induce  us  to  choose  a  single  or 
double  effect  for  small  capacities  up  to  5  tons  XaOH  per  day ; 
for  larger  plants,  and  especially  where  the  cost  of  coal  is  high, 
and  large  amounts  of  cooling  water  can  be  had  at  only  consider- 
able expense,  a  double  effect  or  combination  triple  and  single 
effect  should  be  installed.  The  proper  arrangement  has  to  be 
determined  for  each  plant,  and  no  general  rules  can  be  given. 

I  wish  to  add  a  few  words  concerning  the  general  design  of 
the  evaporating  equipment : 

1.  For  small  single  effects  operating  only  ten  hours  per  day 
no  reserve  is  needed,  as  all  repairs  can  be  done  over  night.  The 
piping  of  multiple  effects  running  continually  should  always  be 
arranged  so  that  any  pan  can  be  cut  off  entirely  for  repairs. 

2.  Steel,  charcoal  iron  or  nickel  steel  tubes  should  be  used 
only  up  to  400  Be.,  as  the  corrosive  action  of  caustic  up  to  this 
density  is  very  small,  and  any  kind  of  tube  will  last  a  long  time, 
unless  the  liquor  contains  a  considerable  amount  of  corrosive 
impurities. 

3.  For  the  concentration  from  400  to  500  Be.  and  higher,  only 
special  cast  iron  tubes  should  be  used,  because  cast  iron  is  the 
only  material  that  will  withstand  the  action  of  the  hot  concen- 
trated caustic  liquor.  In  Germany  almost  all  the  caustic  liquor 
above  400  Be.  is  handled  in  cast  iron  evaporators.  The  first 
cost  of  such  an  equipment  is  somewhat  higher,  but  this  difference 
is  soon  paid  for  by  the  saving  in  repairs  and  the  increased  effi- 
ciency of  the  plant,  as  there  is  no  time  lost  in  shutting  down  to 
replace  worn-out  tubes.  Some  of  the  largest  manufacturers  of 
caustic  prefer  to  use  copper  tubes  almost  exclusively,  as  copper 
will  wear  longer  and  more  uniformly  than  steel  or  charcoal  iron. 
Besides,  the  scrap  value  of  the  discarded  tubes  is  quite  high. 
On  the  other  hand,  the  first  cost  is  considerable,  and  where  large 
amounts  of  salt  have  to  be  handled  the  copper  tube  disappears 
quickly  on  account  of  the  mechanical  abrasion  caused  by  the  salt 
passing  along  the  copper  surface  at  high  speed. 

It  was  not  my  intention  to  consider  all  possible  combinations 
between  evaporator  and  the  source  of  power,  as  this  is  not  the 
time  and  the  place  to  make  such  an  exhaustive  investigation.  I 
only  wished  to  point  out  the  economic  and  practical  disadvantage 
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of  a  high  pressure  straight  triple  effect  when  handling  caustic 
liquor  up  to  500  Be.,  and  the  good  results  that  may  be  obtained 
from  a  compound  or  triplex  condensing  engine  when  working 
in  connection  with  a  double  effect  evaporator  or  a  combination 
of  low  pressure  triple  effect  and  single  effect  with  a  cast  iron 
heating  surface. 

Buffalo,  N.  Y., 

April  8,  19 1 4. 


DISCUSSION. 

A.  H.  Hooker:  There  are  a  few  questions  I  want  to  ask  in 
reference  to  the  system  of  evaporation  you  describe.  In  the  first 
place,  with  reference  to  the  corrosion  of  tubes :  There  seems  to 
be,  for  instance,  in  a  type  of  evaporator  having  vertical  tubes  a 
considerable  corrosion  of  these  tubes  as  you  increase  the  con- 
centration of  the  caustic,  and  I  note  that  the  author  speaks  of 
"cast-iron  effects"  for  the  higher  concentrations.  I  was  wonder- 
ing whether  he  considered  the  corrosion  as  due  to  the  direct  effect 
of  caustic  soda  on  steel  or  charcoal-iron  tubes,  or  as  an  abrasive 
effect,  and  if  so,  why  the  effect  of  corrosion  should  be  shown  in 
the  upper  part  of  the  tube  rather  than  uniformly  throughout  its 
length;  and  if  the  effect  was  due  to  corrosion,  why  there  should 
not  be  a  greater  corrosion,  for  instance,  in  the  first  pan  of  a 
double  effect  than  in  the  second  pan,  since  there  is  a  much  larger 
amount  of  salt  separated  and  handled  in  the  earlier  part  of  the 
operation.  Also,  my  experience  has  been  that  where  you  have 
a  set  of  double  effect  pans  operating  for  the  first  part  of  the  con- 
centration, and  then  a  single  effect  pan  for  the  final  operation, 
the  corrosion  in  the  single  effect  pan  is  much  greater  than  in  the 
other  two  pans;  and  yet  the  amount  of  salt  present  there  is 
comparatively  small. 

It  has  seemed  to  me  that  the  corrosion  of  these  tubes  might 
well  be  due  to  something  like  a  film  evaporation  taking  place  at 
the  upper  edge  of  the  tube,  thus  forming  a  very  highly  concen- 
trated caustic  at  the  point  where  the  solution  broke  into  steam 
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bubbles.  If  cast  iron  tubes  are  desirable  for  highly  concentrated 
caustic,  one  can  appreciate  why  there  should  be  this  wear  from 
the  high  concentration  of  small  films  of  caustic  at  the  upper  edge 
of  the  tube. 

There  is  another  question  in  connection  with  this  system  of 
evaporation  that  I  could  not  quite  understand  in  going  over  the 
figures.  This  has  reference  to  the  caustic  liquor  evaporated.  I 
notice  that  you  speak  of  the  caustic  liquor  as  containing  about 
120  grams  of  NaOH  and  100  grams  of  NaCl  per  liter.  It  has 
occurred  to  me  in  looking  this  over  that  I  have  not  seen  any  of 
the  types  of  cell  liquor  which  would  not  carry  approximately 
180  grams  of  NaCl  with  120  grams  of  NaOH,  instead  of  the  100 
grams  of  NaCl  which  you  mention.  This,  of  course,  would  nearly 
double  the  amount  of  salt,  and  this  only  brings  out  the  question 
of  handling  this  extra  amount  of  salt  and  the  wash  waters  which 
would  of  necessity  be  with  it.  All  of  which  would  necessarily 
call  for  much  larger  amounts  of  water  to  be  evaporated  than  in 
the  types  of  liquor  which  you  take  for  an  example. 

L.  D.  Vorce:  There  are  a  number  of  points  about  the  paper 
which  have  caused  a  little  question  in  my  mind.  In  the  first 
place,  I  do  not  understand  why  Air.  Mantius  calls  for  7  pounds 
pressure  on  his  single-effect.  He  is  not  strictly  consistent,  for 
later  on  in  the  paper  he  says  5  pounds.  I  think  he  can  still  cut 
off  a  couple  more  pounds  and  be  about  right. 

Otto  Mantius  :    The  two  pounds  will  not  make  any  difference. 

L.  D.  Vorce  :  Another  point  I  should  have  liked  to  have  seen 
brought  out  is  the  combination  of  the  double  effect  and  single 
effect.  He  has  shown  the  single  effect,  the  double  effect,  the 
triple  effect  and  single  effect  and  triple  effect ;  but  one  of  the 
most  convenient  forms  of  apparatus  to  operate  is  the  double 
effect  with  the  single  effect  to  get  the  final  concentration  in  order 
to  keep  the  initial  steam  pressure  as  low  as  possible. 

The  corrosive  or  embrittling  action  of  caustic  soda  on  steel 
evaporator  tubes  is  very  peculiar  in  that  the  effect  is  largely  local, 
appearing  at  the  upper  end  of  vertical  tubes  just  below  the  point 
where  they  are  expanded  into  the  flue  sheet.  No  satisfactory 
explanation  is  yet  put  forward  to  account  for  this.  An  article 
on  the  subject  appears  in  the  March  number  of  the  Transactions 
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of  the  Faraday   Society.     Steel  having  undergone  a  somewhat 
similar  caustic  treatment  has  been  shown  to  contain  hydrogen. 

E.  M.  Sergeant  :  I  am  very  much  interested  in  this  paper, 
particularly  in  the  conclusion  which  he  draws  in  regard  to  the 
relative  disadvantage  of  the  triple  effect,  because  that  conclusion 
has  been  forced  on  me  by  experience ;  and  I  am  glad  to  see  it 
confirmed  by  such  good  authority. 

I  would  like  to  know  on  what  Mr.  Mantius'  figures  for  steam 
consumption  are  based.  I  notice  in  evaporating  in  triple  effect 
20,000  lb.  of  soda,  that  there  was  a  consumption  of  practically 
100,000  lb.  of  steam  per  day,  or  about  5  lb.  of  steam  per  pound 
of  soda.  I  think  that  is  considerably  better  than  can  be  obtained 
in  actual  practice  right  along,  considering  all  the  things  that 
happen — leakage  and  other  things.  According  to  my  experience 
the  actual  consumption  that  you  get,  if  you  figure  the  coal  that 
goes  under  your  boilers,  per  pound  of  caustic  you  get  out.  will  be 
a  great  deal  more  than  that. 

The  tube  question,  of  course,  is  very  important.  It  is  a  very 
serious  question  and  the  article  in  the  Transactions  of  the  Faraday 
Society,  to  which  Mr.  Yorce  referred,  is  a  very  complete  sum- 
mary of  results,  and  in  my  judgment  is  exactly  in  line  with  what 
happens. 

It  would  be  very  interesting  if  any  one  could  give  any  practical 
experience  in  regard  to  the  use  of  tubes  containing  a  rather 
higher  amount  of  carbon  than  usual,  as  suggested  in  the  experi- 
ment referred  to  in  that  article.  I  have  started  some  experiments 
with  such  tubes,  but  they  have  not  gone  far  enough  to  give  any 
results.  If  any  one  could  give  any  actual  results  on  that  subject 
it  would  be  exceedingly  interesting. 

Otto  Mantius  :  The  corrosion  of  steel  or  charcoal  iron  tubes 
in  evaporators  handling  electrolytic  caustic  liquors  above  400 
Be  is  a  source  of  considerable  trouble  and  constant  expense  to 
all  manufacturers.  Aside  from  the  question  of  poor  quality  of 
the  material  and  bad  workmanship  in  expanding  the  tubes  in  the 
flueplates,  I  believe  that  the  following  three  factors  determine 
the  life  of  the  tubes : 

First.  A  chemical  action  by  the  highly  concentrated  caustic, 
as  explained  by  Mr.  A.  H.  Hooker. 
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Second.  A  mechanical  or  abrasive  action  by  the  salt  passing 
along  the  surface  of  the  tube  with  considerable  speed.  It  is  very 
natural  that  this  abrasive  action  will  increase  with  the  amount 
of  salt  and  the  speed  at  which  it  passes  through  the  tube.  While 
it  is  true  that  in  a  double  or  triple  effect  the  actual  amount  of 
salt  to  be  separated  is  always  larger  in  the  first  effect  or  first  and 
second  effects  than  in  the  last  effect,  we  must  not  forget  that  on 
account  of  the  higher  specific  gravity  and  the  more  rapid  circula- 
tion the  liquor  in  the  last  effect  will  always  carry  the  largest 
amount  of  salt  in  suspension.  For  instance,  in  a  triple  effect 
the  speed  in  the  tubes  of  the  last  pan  will  be  about  eight  times 
the  speed  in  the  first  evaporator. 

Experience  has  shown  that  the  tubes  after  a  certain  period  of 
service  have  still  retained  the  original  thickness  near  the  lower 
flueplate,  but  have  worn  off  and  become  thinner  the  nearer  we 
come  to  the  top.  Aside  from  the  chemical  action  this  is  largely 
due  to  the  increased  speed  at  which  the  salt  passes  through  the 
tube.  Speeds  of  from  30  to  40  feet  per  second  in  the  upper  part 
of  the  tube  are  quite  common  in  evaporators  working  at  from 
27  to  28  inches  vacuum.  As  no  vapor  is  developed  in  the  lowest 
part  of  the  tube  the  speed  will  not  be  more  than  3  or  4  feet  under 
the  same  conditions. 

Third.  A  physical  action  which  tends  to  make  the  iron  very 
brittle  near  the  top  and  causes  circular  cracks.  So  far  very  little 
is  known  on  this  subject.  The  Imperial  Physical  Testing  Labor- 
atory in  Germany  made  a  series  of  tests  more  than  ten  years 
ago  without  giving  any  tangible  results.  The  article  in  the 
March  number  of  the  Transactions  of  the  Faraday  Society  seems 
to  give  the  best  explanation. 

The  amount  of  salt  given  as  100  grams  per  liter  is  probably 
somewhat  low  for  the  average  liquor,  but  I  have  been  told  that 
some  plants  are  working  with  such  a  percentage  of  salt.  An 
increase  to  180  or  200  grams  per  liter  will  not  change  the  relative 
value  of  my  figures,  as  it  will  increase  the  steam  consumption  in 
all  cases. 

The  data  for  steam  consumption  were  taken  from  actual  tests 
made  with  a  plant  handling  10  tons  caustic  per  day,  by  weighing 
the  condensation  coming  from  the  first  effect.  Such  results  might 
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not  always  be  obtained  in  a  yearly  average,  but  I  have  seen 
records  of  a  plant  handling  about  30  tons  caustic  per  day  in  a 
triple  and  single  effect,  which  record  shows  that  only  4  lb.  of 
steam  are  used  for  each  pound  of  caustic. 

Regarding  the  steam  pressure  used  for  the  operation  of  caustic 
evaporators,  it  makes  practically  no  difference  so  far  as  steam 
consumption  is  concerned,  whether  the  first  effect  received  the 
exhaust  at  7  lb.,  5  lb.  or  o  lb.  pressure. 

The  combination  of  a  double  effect  and  single  effect  is  very 
good  for  small  capacity,  but  the  steam  saving  in  a  triple  effect 
and  single  effect  for  larger  plants  is  considerable  and  the  opera- 
tion just  as  simple. 


SYMPOSIUM  ON  THE  PRACTICAL  SIDE  OF  ELECTROCHEMICAL 
INVESTIGATION 

F.  A.  Lidbury  :  This  will  be  an  Experimental  Symposium  in 
two  senses.  It  is  to  consist  of  a  number  of  experimental  demon- 
strations of  apparatus  and  methods  such  as  are  used  in  commer- 
cial and  industrial  electrochemical  laboratories  in  the  course  of 
electrochemical  investigations,  as  well  'as  in  other  chemical  inves- 
tigations best  or  most  conveniently  carried  out  by  electrochemical 
methods.  It  is  true  that  to  a  great  extent  the  methods  and 
apparatus  will  be  familiar  to  most  of  you  from  previous  publi- 
cations or  descriptions.  But  actual  demonstrations  have  the 
advantages  of  giving  much  clearer  conceptions  of  the  nature  of 
such  methods,  of  conveying  a  more  exact  and  intimate  knowledge 
of  the  details  of  procedure  and  of  suggesting  more  clearly  the 
scope.  Discussion  of  the  demonstrations  will  also  permit  a 
clearing  up  of  points  which  in  printed  descriptions  are  sometimes 
overlooked.  The  point  which  it  has  been  the  intention  of  the 
organizers  of  this  Symposium  to  emphasize  is  one  which,  while 
it  holds  fairly  generally  in  all  branches  of  the  technical  appli- 
cation of  science,  happens  to  be  particularly  easily  and  fully 
illustrated  in  electrothermic  lines.  This  point  is,  that  in  com- 
mercial investigation  the  elaboration  of  method  and  apparatus, 
which  generally  characterizes  academic  research,  gives  way  to 
simplicity.  The  reason  for  this,  of  course,  is  to  be  found,  not 
mainly  in  consideration  of  expense,  but  in  consideration  of  time. 
In  industrial  and  commercial  work  the  time  element  is  not 
infrequently  the  most  important.  He  will  "get  there"  most 
quickly  who  is  the  most  skilled  in  the  construction,  from  simple 
and  ordinary  materials  which  lie  always  at  his  hand,  of  the 
simplest  and  sturdiest  means  of  enabling  him  to  make  what  tests 
or  measurements  he  wishes.  Under  such  circumstances,  the 
excision  of  unnecessary  elaboration  results  not  only  in  the  vital 
economy  of  time,  but  also  in  incidental  financial  economy  without 
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any  loss  of  essential  accuracy.  Indeed,  true  accuracy  consists 
in  the  proportioning  of  the  means  to  the  end ;  and  he  cannot  be 
said  to  possess  it,  who,  in  analysis,  weighs  to  o.oi  percent  when 
he  requires  a  result  no  closer  than  i  percent.  This  Symposium 
is  therefore  intended  primarily  to  demonstrate,  though  neces- 
sarily in  a  very  incomplete  manner,  how  the  simplest  possible 
"home  made"  electrothermic  apparatus  is  applied  to  the  kind  of 
investigation  in  which  many  of  us  are  engaged. 

In  a  second  sense,  this  Symposium  will  be  experimental  in  its 
order  of  procedure.  It  is  desired  to  combine  the  demonstrations 
of  the  various  apparatus  placed  to  your  left  with  discussions 
which,  for  the  sake  of  order  as  well  as  to  obtain  a  transcript 
for  the  Transactions,  must  necessarily  be  of  a  semi-formal  nature. 
We  will  therefore  adopt  the  following  experimental  procedure, 
subject  to  change  if  it  is  found  not  to  work  satisfactorily.  The 
demonstrator  will  in  each  case  ascend  the  platform  and  shortly 
explain  what  he  is  going  to  show.  The  demonstration  will  follow 
and  you  are  requested  to  pass  the  apparatus  in  file.  When  every- 
one has  viewed  the  demonstration  the  meeting  will  again  be 
called  to  order,  and  discussion,  which  should  be  limited  as  much 
as  possible  to  question  and  answer,  will  follow. 

A    SIMPLE    LABORATORY    TRANSFORMER    SET. 

F.  A.  J.  FitzGerald  :  This  is  a  demonstration  of  an  apparatus 
which  is  found  very  useful  for  many  small  electric  furnace 
experiments.  The  diagram  shows  the  method  of  connecting  the 
four  transformers,  ioo-volt  primary  and  io-volt  secondary.  By 
various  combinations  a  considerable  variation  in  voltage  is 
obtained  as  shown  by  the  following  table  of  connections : 


Switch 

Secondary 

Maximum 

Maximum 

Combination 

Volts 

Current 

Kw. 

1-3-5-8-10-12 

40 

12s 

5 

I-3-5-8-9-I2 

20 

250 

5 

I-3-S-7-9-" 

10 

500 

5 

2-3-6-7-9-1 i 

5 

500 

2.5 

2-4-6-7-9-1 I 

2.5 

50O 

1.25 

By  means  of  the  rheostat  R  the  voltage  of  the  primary  circuit 
can  be  regulated  so  as  to  vary  the  voltage  between  steps  in  the 
secondary  circuit. 
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In  order  to  illustrate  the  working  of  this  apparatus  a  graphite 
rod  6.5  mm.  (0.25  inch)  in  diameter  has  been  mounted  between 
carbon  terminals  placed  200  mm.  (8  inches)  apart.  It  will  be 
seen  that  we  can  accurately  adjust  the  temperature  of  this  rod 
as  desired  (Fig.  2).  Finally,  when  it  is  surrounded  with  sand, 
the  secondary  e.  m.  f.  adjusted  to  20  volts  and  a  current  of  200 
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Fig.  1. 

amperes  obtained,  a  very  fair  fused  silica  tube  is  formed  in  about 
6  or  7  minutes.  This  method  of  making  silica  tubes  was  first 
described  by  Despretz. 

W.  R.  Whitney:  How  do  you  fasten  the  carbon  rod  in  the 
furnace  terminals? 

F.  A.  J.  FitzGerald:  Simply  by  making  slots  in  the  terminals 
into  which  the  ends  of  the  graphite  rod  fit  very  loosely  and  then 
making  good  contact  by  packing  in  graphite  powder. 

W.  R.  Whitney  :    Can  you  purchase  those  small  transformers 
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without  the  casings?     Is  there  any  economy  in  getting  them  as 
you  have  them  on  the  wall  ? 

F.  A.  J.  FitzGerald  :  These  transformers  were  made  by  the 
Pittsburgh  Transformer  Co.,  and  I  suppose  are  cheaper  in  that 
form.    The  whole  outfit  did  not  cost  much  more  than  $100. 

MUFFLE   FURNACE. 

L.  E.  Saunders  :  A  furnace  for  the  production  of  high  tem- 
peratures in  a  small  space  can  be  constructed  in  an  inexpensive 
manner  according  to  the  experiment  shown.  Its  essential  parts 
are: 

1.  A  carbon  or  graphite  resistor,  made  by  sawing  a  block, 
plate  or  tube,  in  such  a  way  that  the  path  of  the  current  is  greatly 
lengthened. 


Fig. 


2.  A  pair  of  carbon  heads  cut  out,  so  that  the  ends  of  the 
resistor  element  will  fit  loosely. 

3.  Brick-work  sides,  bottom  and  top  all  protected  with  a  thick 
(2-inch)  layer  of  firesand  moistened  with  dextrine  or  other 
temporary  binder. 

4.  An  entrance  or  peek-hole  door  made  from  a  piece  of  carbon 
with  sight  holes  closed  by  removable  plugs. 

5.  Copper  contact  plates  bolted  to  the  carbon  terminals,  or 
cables  directly  attached  to  the  carbons. 

In  the  experiment  shown  a  granular  carbon  resistor  has  been 
placed  in  the  circuit  so  that  it  may  be  conducted  in  the  usual 
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lighting-  circuit  voltage,  110.  If  a  voltage  as  low  as  20  to  30  is 
available  no  granular  resistor  is  needed,  and  the  desired  tempera- 
ture may  be  decided  upon  after  a  few  experiments  by  changes  in 
the  resistor,  such  as  thickness,  length,  distance  between 'saw  cuts, 
etc.  The  Acheson  graphite  resistor  plate  shown  here  is  12  inches 
(31  cm.)  long,  4  inches  (10  cm.)  wide  and  one-half  inch 
(13  mm.)  thick  and  has  20  sawcuts  made  alternately  on  opposite 
sides,  making  the  actual  resistor  a  zigzag  square  rod  about  one- 
half    inch    (13    mm.)    square    and    40    inches    (102    cm.)    long, 


Fig.  3- 

except  the  turns  where  the  cross-section  increases  slightly.  The 
plate  is  allowed  play  at  the  ends  for  expansion  when  hot,  but  is 
packed  firmly  into  the  carbon  terminals  with  powdered  graphite. 
To  produce  a  temperature  of  2,000°  to  2,500°  C.  requires  a  power 
consumption  of  from  12  to  20  kilowatts,  depending  on  the  heat 
insulation  installed  and  the  accuracy  of  the  sawing  of  the  carbon 
plate.  One  plate  will  last  for  five  or  six  experiments  of  moderate 
length,  after  which  heating  is  likely  to  be  uneven,  due  to  oxidation 
of  the  resistor. 

At   temperatures   no   higher   than    1,700°  C,   carbon   resistors 
may  be  used.     Beyond  that,  graphite  is  preferable,  as  there  is  a 
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rapid  disintegration  of  carbon  articles  under  these  conditions  at 
these  temperatures,  not  noticeable  with  graphite. 

In  the  furnace  as  shown,  articles  to  be  heated  are  placed  under 
the  resistor,  the  heat  being  reflected  downward,  and  obviously 
the  points  closest  to  the  graphite  grid  are  hottest.  This  makes  it 
extremely  useful  for  melting-point  work,  as  samples  made  up 
into  cone  shapes  are  melted  at  the  tips  where  sighting  with  a 
pyrometer  is  easy. 

Numerous  modifications  of  this  furnace  will  suggest  them- 
selves to  any  user  of  even  moderate  ingenuity. 

A  rather  full  description  of  some  other  forms  has  been  pub- 
lished by  Mr.  F.  A.  J.  FitzGerald  in  Vol.  Ill,  Electrochemical  and 
Metallurgical  Industry,  1905. 

The  total  cost  of  this  furnace  should  not  exceed  twenty-five 
($25.00)  dollars.     (See  Fig.  3). 

TUBE   FURNACE. 

E.  E.  Saunders:  The  second  furnace  which  I  shall  show  is  a 
simple  carbon  tube,  through  which  an  electric  current  is  passed 
by  means  of  carefully  fitted  graphite  blocks  at  the  ends  and  these 
in  turn  connected  by  cables  to  an  alternating  current  circuit. 
This  length,  five  feet  (152.5  cm.)  has  been  chosen  in  view  of 
the  transformer  conditions  prevailing.  The  lowest  voltage  from 
the  transformer  is  50,  and  by  previous  experiment  it  has  been 
found  that  five  feet  of  carbon  tube,  1^2  inches  inside  diameter 
by  2  inches  outside  diameter  (3.8  x  5.1  cm.)  will  heat  rapidly 
to  2,000°  C  at  this  voltage,  drawing  a  maximum  of  1,600  amperes. 

The  precautions  to  be  taken  are  mostly  in  the  contacts.  These 
here  are  six  inches  (15.2  cm.)  long  made  by  hand  from  graphite 
blocks  and  the  hole  is  slightly  larger  than  the  outside  diameter 
of  the  tube,  the  remaining  space  being  filled  tightly  with  soft 
powdered  graphite. 

The  treatment  is  very  severe,  for  the  temperature  increment 
is  very  rapid,  as  may  be  seen.  Tubes  of  careful  construction 
are  needed,  the  one  in  use  being  a  stock  article  from  the  National 
Carbon  Company. 

It  is  only  necessary  to  have  more  voltage  variations  available, 
to  change  the  length  and  size  of  tubes  used.  The  important  point 
is  the  knowledge  that  tubes  may  be  obtained  to  withstand  such 
misuse. 
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The  furnace  as  shown  is  very  convenient  for  melting-point 
work  where  measurement  of  temperatures  with  optical  instru- 
ments is  desired.  Fume  troubles  may  be  avoided  by  the  passage 
through  the  tube  of  a  neutral  gas  such  as  hydrogen.  If  "black 
body''  conditions  are  not  present  on  account  of  shading  oft"  in 
temperature  near  the  ends,  a  disc  of  carbon  may  be  shoved  in 
ahead  of  the  specimen  and  used  as  a  ground  for  sighting  against. 

In  the  present  case  a  temperature  of  2,000°  C.  may  be  reached 
in  about  15  minutes,  and  more  rapidly  if  a  brick  or  other  refrac- 
tory wall  surrounds  the  tube,  leaving  a  slight  air  space,  prefer- 
ably. This  will  of  course  prolong  the  life  of  the  tube,  which  has 
been  frequently  used  for  ten  to  fifteen  experiments  under  these 
conditions. 

The  total  cost  of  this  furnace  without  cables  will  not  exceed 
fifteen  ($15.00)  dollars. 

WIRE-WOUND    ELECTRIC    FURNACES. 

J.  B.  Glaze:  I  have  not  come  prepared  to  give  a  talk  on  all 
conditions  and  sizes  of  laboratory  electric  furnaces,  but  I  intend 
to  give  a  demonstration  on  the  winding  of  a  small  crucible  fur- 
nace. In  the  Norton  laboratory  no  gas  is  used,  so  that  electric 
furnaces  take  the  place  of  all  operations  and  heating  formerly 
done  by  gas.  This  condition  has  enabled  us  to  construct  very 
cheaply  the  various  types  and  sizes  of  furnaces  now  in  use  in 
our  laboratory.  It  is  not  only  the  cheapness  of  the  materials, 
but  also  the  speed  with  which  you  can  put  one  of  these  furnaces 
into  operation  that  prompted  this  demonstration  and  exhibit. 

I  brought  two  types  of  furnaces  for  you  to  see  in  operation : 
one  is  a  tube  furnace,  the  other  is  a  small  crucible  furnace.  With 
the  proper  materials  at  hand,  I  expect  to  show  how  quickly  a 
furnace  can  be  wound,  covered  with  alundum  cement,  packed 
in  the  iron  shell  with  Kieselguhr,  connected  directly  across  a  no 
volt  circuit  and  brought  to  about  i,ooo°  C.  temperature.  The 
materials  to  be  used  are : 

Alundum  Furnace  Core,  2-1 /16  inches  bore  by  2-7/16  inches 
depth  (5.2  x  7.5  cm.). 

Iron  Shell  Container,  6  inches  in  diameter  by  5  inches  depth 
(15.2  x  12.7  cm.). 

Kieselguhr  for  insulation. 
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Nichrome  Wire  No.  20  (B  &  S)  38  feet  (11. 6  m.)  in  spiral  coil. 

Alundum  cement  for  covering  wire  on  core. 

Alundum  cover  for  furnace  core. 

Asbestos  cover  for  iron  shells. 

The  iron  shell  container  may  be  made  out  of  sheet  iron  or  any 
other  material  that  will  not  be  affected  by  heat.  Legs  may  be 
attached  to  this  to  hold  it  off  the  table  or  bench.  The  furnace 
core  may  be  larger  or  smaller  according  to  the  requirements  of 
the  furnace.  For  this  size  of  core  (2-1/16  inches  bore  by  2-7/16 
inches  depth)  a  temperature  of  9500  C.  may  be  obtained  by  using 
3S  feet  of  No.  20  Nichrome  wire  on  no  volts  with  a  power  input 
of  400  watts.  The  core  and  wire  must  be  carefully  covered  with 
cement  to  protect  the  wire  from  oxidation  and  any  impurities  in 
the  Kieselguhr  that  may  unite  with  the  wire  at  9500  C.  The 
cement  prolongs  the  life  of  the  wire.  The  temperature,  of  course, 
depends  greatly  upon  the  material  used  for  insulating  the  core, 
but  with  Kieselguhr  we  have  obtained  good  results  and  by  using 
this  insulating  material  in  all  our  furnaces  the  temperature  varies 
with  the  power  input. 

If  the  temperature  goes  over  1,050°  C.  the  Nichrome  wire 
oxidizes  very  rapidly.  This  was  also  noticed  in  the  tube  furnace 
you  see  on  the  bench.  This  tube  furnace  reaches  a  temperature 
not  over  850°  C,  but  the  draft  through  the  tube  was  so  strong 
that  the  wire  was  oxidized  through  the  porous  tube  at  that 
temperature.  The  latter  difficulty  was  avoided  by  using  the  glazed 
tube,  which  prevented  any  oxidation.  The  glazed  tube  shown 
with  the  wire  still  in  good  condition  was  in  service  seven  months 
and  is  good  for  much  more  use.  The  power  input  for  the  tube 
furnace  is  600  watts.  The  tube  is  i^4  inches  bore  with  walls 
*4  inch  thick  and  16  inches  (4.4  x  0.6  x  40.6  cm.)  long.  Only 
12  inches  (30.5  cm.)  are  enclosed  in  the  iron  case.  Both  ends 
of  the  tube  are  open. 

The  power  input  for  any  such  furnace  depends  upon  the  tem- 
perature desired  and  the  size  of  the  furnace,  or  square  inches  of 
surface  to  be  heated.  Some  idea  may  be  obtained  from  the  figures 
I  have  given.    The  cost  of  these  furnaces  is  very  low. 

I  will  give  a  demonstration  of  the  winding  and  assembling  of 
the  crucible  furnace.     The  furnace  will  be  started,  and  with  a 
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wattmeter  connected  in  the  circuit  you  may  see  the  power  input 
for  each  furnace. 

Jos.  W.  Richards:  Has  Mr.  Glaze  used  any  other  wire  than 
the  Nichrome  wire,  such  as  molybdenum,  or  others,  for  higher 
temperatures?     How  high  a  temperature  will  a   furnace  stand? 

J.  B.  Glaze  :  The  furnace  will  stand,  of  course,  as  high  a 
temperature  as  the  Nichrome  wire.  We  have  not  used  anything 
else  but  the  Nichrome  wire.  The  wire  will  stand  about  1,050°  C. 
The  oxidation  is  quite  rapid  at  that  temperature.  I  think  the 
No.  2  Nichrome  wire  is  guaranteed  for  i,ioo°,  but  the  furnaces 
we  have  had  ranged  between  900  and  i,ooo°  C.  That  is  as  high 
as  we  desire  in  our  work,  so  we  have  not  tried  to  go  any  higher. 
The  crucibles  themselves  will  stand  a  much  higher  temperature. 

ELECTRODE  JOINTS. 

A.  T.  Hinckley:  The  subject  of  my  talk  is,  "The  Electrical 
Resistance  of  Electrode  Joints."  This  method  of  measuring  the 
electrical  resistance  of  electrode  joints  is  the  same  as  described 
by  FitzGerald  and  Hinckley  before  this  Society  in  1913  (Trans. 
Amer.  Electrochemical  Soc,  23,  333),  and  consists  in  comparing 
the  potential  drop  in  a  given  length  of  electrode  including  a  joint, 
with  the  potential  drop  in  a  similar  length  without  a  joint. 

In  the  test  being  shown,  a  10  x  60  inch  (25.4  x  152.5  cm.) 
jointed  electrode  is  used  with  its  lower  end  in  a  carbon  resistance 
to  take  up  the  load.  A  current  of  4,000  amperes,  50  amp.  per 
square  inch,  is  passed  through  the  electrode  and  the  potential 
drop  measured  at  the  joint.  Using  the  symbols  given  in  the 
article  referred  to 
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This  means  that  the  resistance  of  the  joint  is  equal  to  the 
resistance  of  2.4  inches  (6.1  cm.)  of  the  solid  electrode.  From 
this  we  may  calculate  the  percent  of  total  energy  lost  in  the  joint. 

15 
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Electrode  resistance,  200  C.  =  0.0018  ohms  per  inch  cube. 
Resistance  of  1  inch  of  length  =  0.000023  ohm. 
Resistance  of  joint  =  2.4  x  0.000023  =  0.000055  °nm- 


Fig.  4. 


Energy  lost  in  joint  —  PR  =  40002  x  0.000055  x  0.001  =  0.88 
kilowatt. 

Total  energy  =  200  kilowatt. 
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Percent  energy  lost  in  joint  =  0.88/200  =  0.44  percent. 
This  means  that  the  energy  being  lost  at  the  joint  is  only  0.44 
percent  of  the  total  energy  being  developed  in  the  furnace. 

Jos.  W.  Richards:  Has  Mr.  Hinckley  had  occasion  to  drill 
these  carbon  electrodes,  and  if  so  has  he  any  objection  to  telling 
us-  what  is  the  best  material  to  use  for  drilling  the  holes  in  the 
carbon  electrodes  ? 

A.  T.  Hinckley:  1  think  the  Rex  A  tool  steel  stands  up  as 
well  as  anything. 

Jos.  W.  Richards:  What  sort  of  paste  makes  the  best  com- 
position for  joining  electrodes? 

A.  T.  Hinckley  :  I  would  recommend  some  paste  without  a 
carbonaceous  bond,  such  as  the  Electrode  Joint  Compound  made 
by  the  National  Carbon  Co.     (See  Fig.  4). 

REFRACTORIES. 

A.  T.  Hinckley:  Many  cases  arise  in  furnace  work  where 
it  would  be  desirable  to  use  carbon  as  a  refractory  material  if 
means  could  be  found  for  decreasing  its  rate  of  oxidation  and 
decreasing  its  electrical  conductivity.  The  "Vitricarbo"  refrac- 
tories were  developed  for  this  purpose  and,  therefore,  contain 
a  vitrifying  ash. 

Two  grades  of  "Vitricarbo"  are  manufactured  at  present. 

Grade  B-10  is  a  coarse-grained  material,  made  to  withstand 
rapid  thermal  changes  without  cracking.  It  has  been  tested  up 
to  about  2,000°  C.  under  neutral  or  reducing  conditions  without 
softening  or  material  shrinkage.  The  apparent  density,  20/40, 
is  about  1.70  and  the  porosity  about  23  percent.  The  heat  con- 
ductivity is  less  than  carborundum  brick  and  greater  than 
alundum  brick,  as  measured  by  the  method  described  by  Fitz- 
Gerald,  Trans.  Amer.  Electrochemical  Soc,  21,  535.  The  elec- 
trical conductivity  is  about  one  ohm  per  inch  cube  at  200  C.  and 
the  crushing  strength  about  500  lb.  per  square  inch. 

Grade  B-n  is  finer  grained  than  B-10  and  is  used  where  greater 
crushing  strength  is  needed  (1100  lb.  per  square  inch).  Its  prop- 
erties are  similar  to  B-10  except  that  its  electrical  conductivity 
is  slightly  greater. 


238  SYMPOSIUM    ON    ELECTROCHEMICAL   INVESTIGATION. 

These  brick  show  very  little  corrosion  from  vapors  of  iron 
or  lime  in  spite  of  their  acid  constituents,  as  will  be  shown  in  Mr. 
FitzGerald's  experimental  arc  furnace  for  melting  lime. 

When  "Vitricarbo"  brick  are  used  in  a  furnace  roof,  a  covering 
of  heat  insulation  brick  should  be  used  on  the  outside  to  protect 
the  "Vitricarbo"  from  oxidation  and  to  cut  down  the  heat  losses. 
"Vitricarbo"  brick  should  never  be  used  under  strongly  oxidizing 
conditions. 

These  samples  (exhibiting  brick)  show  the  relative  amount  of 
dripping  from  a  silica  brick,  a  high-grade  fire  brick  and  a  "Vitri- 
carbo" brick  placed  4  inches  (10  cm.)  above  a  granular  carbon 
resistor,  running  at  a  temperature  of  about  2,000°  C.  The  heat 
was  maintained  for  20  minutes,  and  you  see  that  the  "Vitricarbo" 
brick  dripped  less  than  either  of  the  others.  The  atmosphere 
was  of  course  reducing. 

Another  experiment  was  made  cutting  little  pyramids  from 
"Vitricarbo"  brick  and  silica  brick,  which  were  placed  on  a  carbon 
slab  with  Seger  cones  up  to  No.  39,  which  melts  above  1,900°  C. 
These  cones  were  heated  gradually  in  a  carbon  tube  furnace  and 
the  "Vitricarbo"  (exhibiting  sample)  showed  no  softening  at  a 
temperature  well  above  that  at  which  cone  No.  39  melts.  When 
the  temperature  is  raised  still  higher  the  vitrifying  ash  is  vapor- 
ized leaving  graphite.  This  is  shown  by  this  brick  (exhibiting 
sample)  one  end  of  which  is  partly  converted  into  amorphous 
silicon  carbide  and  the  other  end  into  graphite. 

In  studying  heat  insulation  brick,  we  have  found  that  practically 
none  of  the  grades  now  on  the  market  will  stand  direct  exposure 
to  heat  above  about  1,000°  C.  The  grade  HI-10  was,  therefore, 
developed  to  answer  the  demand  for  a  brick  with  properties  inter- 
mediate between  the  ordinary  high  grade  fire  brick  and  heat 
insulation  brick  of  the  kieselguhr  type.  This  brick  can  be  heated 
to  1,400°  C.  without  softening  and  there  is  very  slight  shrinkage 
on  repeated  heating  and  cooling.  The  heat  conductivity  is  about 
70  percent  as  great  as  that  of  a  high-grade  fire  brick  at  700°  C. 
Porosity  is  about  60  percent  and  apparent  density  about  1.10  at 
20/40.     Crushing  strength  about  500  lb.  per  square  inch. 

Jos.  W.  Richards  :  I  would  like  to  ask  two  questions.  One 
is,  approximately  the  commercial  price  of  this  "Vitricarbo"  brick ; 
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the  other  is,  whether  the  absence  of  corrosion  is  due  to  its  very 
high  melting  point  or  to  its  great  conductivity  for  heat. 

A.  T.  Hinckley  :  The  price  is  between  that  of  silicon  carbide 
brick  and  silica  brick. 

We  believe  that  the  absence  of  corrosion  is  due  to  the  presence 
of  the  carbon  particles. 

Jos.  W.  Richards  :  Does  the  electrical  resistance  decrease 
with  the  heat  ? 

A.  T.  Hinckley:    Yes. 

AlEred  H.  CowlES  :  What  is  its  composition  ? 

A.  T.  Hinckley  :     It  is  an  acid  refractory. 

RADIATION   ARC   FURNACE. 

F.  A.  J.  FitzGerald  :  The  principle  of  this  furnace  is  due  to 
Siemens1  and  is  used  by  Stassano  in  his  well  known  furnace. 
The  purpose  of  the  demonstration  is  to  show  how  cheaply  a 
furnace  of  this  kind  can  be  made  with  pipe  fittings  (See  Fig.  5). 

We  shall  show  how  a  quantity  of  lime  can  be  fused  in  this 
furnace  in  7  or  8  minutes,  using  a  current  of  1,200  amperes  at 
50  volts. 

The  cover  of  the  furnace  is  made  of  what  is  known  as  "Vitri- 
carbo"  brick,  which  has  been  described  by  Mr.  Hinckley. 

MACHINING  ACHESON-GRAPHITE. 

Edward  R.  Cole  exhibited  the  machining  of  Acheson-Graphite 
articles  of  various  kinds  (Fig.  6).     He  said  in  part: 

This  tube  was  machined  from  a  solid  Acheson-Graphite  elec- 
trode, for  use  as  a  resistor  for  an  electric  furnace.  You  can  see 
that  it  is  very  resilient  and  will  stand  severe  mechanical  strain 
without  breaking.  In  fact  we  have  cut  a  2-inch  (5  cm.)  diameter 
spiral  with  16  turns  per  inch  (6  per  cm.)  having  a  total  length  of 
12  inches  (30  cm.)  which  was  bent  until  both  ends  met  and  was 
elongated  6  inches  (15  cm.)  without  injury. 

Among  the  most  unusual  uses  is  this  one  of  substituting 
graphite  for  the  rubber  Fuller  Ball  of  a  compression  cock.  These 
were  first  made  for  the  Bureau  of  Standards  at  Washington. 

1  British  Patent  4,20s   (1878). 
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Another  article  attracting  considerable  interest  is  a  fluted  one. 
Several  have  asked  if  it  is  a  milling  cutter,  as  it  very  much 
resembles  one  in  appearance.  It  is  a  terminal  for  a  mercury  arc 
rectifier,  and  may  be  seen  in  operation  at  moving  picture  houses, 


Fig.   5. 


where  the  rectifier  is  placed  in  a  conspicuous  place  to  attract 
attention,  the  two  black  objects  to  which  the  terminals  of  the  tube 
are  attached  being  these  graphite  electrodes. 

This  tube  is  made  with  the  greatest  accuracy  possible.    It  must 
be  within  0.005  incn  (°-I27  mm.)  of  given  dimensions,  and  must 
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have  a  very  homogeneous  structure.  These  tubes  are  used  in  the 
study  of  the  spectrum. 

Precision  and  accuracy,  however,  enter  into  the  machining  of 
a  great  many  other  articles.  Some  of  the  discs  are  machined 
within  0.002  inch  (0.05  mm.)  of  a  given  thickness  and  must  be 
perfectly  flat.  Thirty-two  of  these  when  piled  one  upon  the  other 
must  not  show  any  light  between  points  of  contact,  nor  vary  0.03 
inch  (0.76  mm.)  above  or  below  a  total  height  of  2  inches  (5  cm.). 

This  sample  of  accurate  machining  shows  a  method  of  pinning 
two  pieces  of  graphite  together  with  a  tapered  pin.  After  the 
pin  was  driven  into  the  hole  with  a  light  hammer,  the  piece  was 
sawed  through  to  show  the  fit  of  the  pin  into  the  hole.  Careful 
examination  of  this  piece  shows  that  if  it  were  not  for  the  differ- 


Fig.  6. 

ent  directions  of  the  grains  of  the  material,  it  would  be  impossible 
to  find  the  pin.  We  recently  completed  an  order  on  which  over 
5,000  of  such  pins  and  joints  were  used. 

It  is  practical  to  use  Acheson-Graphite  electrodes  to  replace 
platinum  points  on  delicate  instruments  and  relays,  the  copper 
plating  making  it  possible  to  solder  the  contacts  into  the  holders. 
The  specific  resistance  per  inch  cube  of  these  contacts  is  0.00032 
ohm,  or  0.000813  onm  Per  centimeter  cube.      (See  Fig.  6). 


MOLYBDENUM     RESISTANCE     FURNACE. 

C.  Dantsizen  :  Molybdenum  and  tungsten  resistance  furnaces 
are  described  in  the  Transactions  of  the  American  Electrochemical 
Society,  20,  287  (1911).     Since  that  date  furnaces  of  this  type 
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have  been  used  extensively  in  our  laboratories  for  making  alloys, 
high  temperature  insulators,  etc.,  and  have  become  more  or  less 
standardized.  A  furnace  of  the  form  shown  requires  60  volts 
and  60  amperes  to  maintain  a  temperature  of  about  1,700°  C, 
and  from  2  to  3  cubic  feet  (57  to  85  1.)  of  hydrogen  per  hour 
to  protect  its  molybdenum  from  oxidation;  1,700°  C.  is  reached 
in  about  an  hour's  running  on  constant  current,  the  voltage 
being  gradually  raised  as  the  temperature  rises.  In  our 
laboratories  this  change  in  potential  is  generally  obtained 
by  varying  the  field  current  of  a  small  1,200  volt  A.  C.  generator 
connected  through  a  10  to  1  transformer  to  each  furnace.  Other 
methods  of  changing  the  voltage  are  the  vise  of  resistance  in 
series  with  the  furnace,  a  voltage  regulator,  or  a  group  of  trans- 
formers such  as  Mr.  FitzGerald  showed. 

In  designing  a  furnace  the  following  data  are  used : 

1.  Resistance  of  molybdenum  at  0°  C.  is  4.1  microhms  per 
centimeter  cube. 

2.  Co-efficient  of  resistance  of  molybdenum  is  0.005.  This 
makes  its  resistance  at  1,700°  C.  about  8.5  times  its  resistance  at 
ordinary  temperatures. 

3.  Six  watts  per  square  centimeter  of  heating  surface  should 
be  allowed  to  maintain  a  furnace  at  1,700°  C. 

4.  There  should  not  be  more  than  one  volt  per  2.5  millimeters 
between  turns  in  the  molybdenum  winding.  For  example,  if  two 
adjacent  turns  of  a  winding  are  7.5  millimeters  apart,  a  drop  of 
more  than  3  volts  in  a  single  turn  of  the  winding  might  lead  to 
a  breakdown  in  the  insulating  alundum  tube,  especially  at  the 
higher  temperatures,  thereby  giving  rise  to  an  arc  which  will  burn 
out  the  winding  at  that  point. 

5.  Molybdenum  wire  may  be  obtained  in  any  size  from  15 
mils  to  100  mils  in  diameter.  (Sizes  of  the  wire  are  given  in  mils ; 
that  is,  thousandths  of  an  inch.) 

Most  furnaces  have  to  be  built  to  fit  some  definite  maximum 
voltage,  such  as  60,  no,  220,  etc.,  and  a  calculation  of  length  and 
diameter  of  wire  is  then  necessary.  Alundum  tubes  may  be 
obtained  threaded  and  in  this  case  the  length  of  the  winding  is 
easily  determined. 
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The  following  example  might  be  given  for  showing  the  cal- 
culation of  the  diameter  of  the  wire  for  a  small  furnace.  Suppose 
one  can  obtain  a  varying  potential  froni  2  to  60  volts  and  wishes 
to  build  a  furnace  using  an  alundum  tube  24  centimeters  in 
circumference,  25  centimeters  long,  and  threaded  so  that  the 
distance  between  turns  is  1.25  centimeters.  About  5  meters  of 
wire  will  be  required,  and,  as  there  are  20  turns  in  the  length 
of  the  tube,  there  will  be  for  each  turn  60  divided  by  20,  or  3  volts 
drop,  which  is  well  within  the  limit  given  in  the  data  above. 
The  area  of  the  heating  surface  is  24  x  25,  or  600  square  centi- 
meters, and  to  maintain  this  surface  at  1,700°  C,  600  x  6,  or  3,600 
watts,  will  be  required.  With  60  volts  the  current  required  will 
be  60  amperes  and  the  resistance  will  be  1  ohm  for  the  entire 
length  of  the  winding,  or  0.2  ohm  per  meter.  From  the  follow- 
ing table  one  finds  that  wire  about  60  mils  in  diameter  should  be 
used  in  the  construction  of  this  furnace. 

Diameter  in  Resistance  per  Meter  of 

Mils.  Molybdenum  at  1700  °C. 

15  3-04 

21  1-54 

23  I.4I 

25  I.095 

30  O./62 

40  O.428 

50  O.274 

60  O.190 

-O  O.I395 

80  O.I07 

90  O.0847 

IOO  O.0685 

Powdered  flint,  alumina,  and  magnesia  have  been  used  as  heat 
insulators  for  these  furnaces. 

Gases  which  have  been  employed  to  protect  the  windings  from 
oxidation  are  hydrogen,  nitrogen,  coal  gas,  and  methyl  alcohol 
vapor.  Unless  very  pure  nitrogen  can  be  obtained  it  is  advisable 
to  mix  about  5  percent  hydrogen  with  it  before  passing  it  into 
a  molybdenum  furnace. 

In  the  making  of  alloys  we  have  used  crucibles  pressed  from 
pure  alumina  and  large  enough  to  hold  100  grams  of  molten  iron. 
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HERING   FURNACE. 

Carl  Hering  :  In  a  paper4  read  before  this  Society  some  time 
ago  I  described  a  type  of  electric  furnace  based  on  a  new  electro- 
magnetic principle  or  force ;  as  this  force  is  not  yet  described  in 
text  books  and  may  therefore  not  yet  be  well  known,  I  have 
brought  the  apparatus  here  exhibited  to  show  this  peculiar  force 
and  the  way  it  is  applied  as  the  basis  of  an  electric  furnace.  The 
device,  as  shown  here,  constitutes  a  real  furnace  when  properly 
mounted,  and  is  of  the  kind  to  be  used  for  heat  treating,  like 
tempering,  annealing,  heating  drop  forgings,  etc.,  by  immersion 
in  heated  lead,  but  it  is  here  mounted  so  as  to  keep  the  bath  as 
cool  as  possible,  as  the  mechanical  motion  produced  by  this  force 
can  then  be  better  inspected. 

This  new  principle  is  as  follows.  When  a  current  passes 
through  a  conductor  the  magnetism  in  and  about  this  conductor 
and  produced  by  the  current,  tends  to  crush  it,  as  the  surrounding 
flux  acts  like  stretched  rubber  bands.  This  crushing  force  is  not 
strong  enough  to  be  noticeable  in  solid  conductors,  but  when  they 
are  liquid,  and  when  the  current  is  large  enough,  its  action  be- 
comes very  evident ;  it  is  then  often  great  enough  to  completely 
sever  the  conductor,  and  as  this  generally  occurs  locally  at  a  weak 
spot,  the  conductor  acts  as  though  it  were  being  pinched,  for 
which  reason  I  gave  it  the  name  of  the  "pinch  phenomenon"5 
and  called  this  radial  force  the  "pinching  force,"  which  names 
have  since  come  into  use. 

If  now  the  conductor  consists  of  a  column  of  a  molten  liquid 
confined  in  a  hole  in  a  refractory  material  near  the  bottom  of  a 
crucible,  and  if  the  outer  end  is  sealed  by  the  electrode  and  the 
inner  end  opens  into  the  bath  in  the  crucible,  the  resultant  action 
of  this  radially  crushing  force  will  force  the  liquid  out  through 
the  center  of  the  open  end,  and  as  this  end  is  submerged  the 
conductor  cannot  -pinch  off,  but  instead  liquid  will  be  sucked  in 
circumferentially,  thus  producing  a  simultaneous  outward  and 
inward  flow  of  the  liquid  through  the  hole..  This  outward  flow 
of  the  molten  lead  is  shown  quite  strikingly  in  this  apparatus. 
You  will  see  that  the  force  is  quite  great.    The  mouth  of  the  hole 

4A  New   Type  of  Electric  Furnace,  Trans.  Amer.  Electrochem  Soc,  Vol.  XIX,   191 1. 

5  A  Practical  Limitation  of  Resistance  Furnaces;  The  "Pinch  Phenomenon,"  Trans. 
Amer.  Electrochem.  Soc,  Vol.  XI.  1907.  The  Working  Limit  in  Electrical  Furnaces 
Due   to   the    "Pinch    Phenomenon,"    Trans.    Amer.    Electrochem.    Soc,    Vol.    XV,    1909. 
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is  here  about  an  inch  or  two  below  the  surface,  and  when  the 
round  bottom  of  a  ladle  is  pressed  against  it  as  though  to  close 
it,  the  molten  lead  will  be  squirted  up  an  inch  or  two  above  the 
surface. 

Due  to  this  very  rapid  circulation  of  the  molten  material,  many 
kilowatts  of  heat  can  be  set  free  in  the  conductors  in  relatively 
small  holes,  as  this  heat  will  be  rapidly  transmitted  to  the  main 
bath  by  the  flowing  material  and  distributed  in  it.  This  is  the 
principle  of  this  type  of  furnace. 

In  the  present  apparatus  the  crucible  is  a  steel  tank  filled  with 
molten  lead.  In  it  there  is  floating  a  block  of  refractory  material 
the  top  of  which  is  above  the  surface  of  the  liquid.  This  block 
has  two  vertical  holes  in  it  from  the  top  to  near  the  bottom ;  into 
these  holes  dip  the  vertical  electrodes  which  form  the  secondary 
terminals  of  the  nearby  transformer  and  lead  the  current  into  the 
furnace.  Horizontal  cylindrical  holes  below  the  liquid  level 
extend  from  the  bottoms  of  these  electrode  holes  to  the  outside 
of  the  block  and  open  out  into  the  bath.  Being  submerged,  they 
are  always  full  of  liquid  metal,  and  it  is  in  these  cylindrical  liquid 
conductors  that  the  heat  is  generated  by  the  passage  of  the  cur- 
rent from  the  electrodes,  and  in  which  this  peculiar  force  produces 
the  rapid  circulation,  as  you  will  see.  You  will  thus  see  that  the 
furnace  proper,  that  is  the  heating  device,  consists  of  two  holes 
in  a  refractory  block,  and  holes  are  simple  and  cheap. 

Although  generally  there  is  only  one  heating  hole  for  each 
electrode,  yet  in  the  present  apparatus  there  are  two  at  an  angle, 
like  the  letter  V  with  its  point  at  the  electrode,  the  two  pairs  thus 
resembling  the  letter  W.,  for  which  reason  we  call  this  the  W-type. 
Although  the  same  inward  and  outward  flow  just  described 
exists  in  each  of  the  four  holes,  yet  there  is  then  superposed 
another  new  force  tending  to  cause  an  additional  inward  flow  in 
the  two  middle  holes  and  an  outward  one  in  the  two  outer  ones. 
Physicists  contradict  the  existence  of  any  such  axial  force  pro- 
duced by  neighboring  conductors  on  each  other,  as  such  a  force 
is  not  known  in  text  books ;  you  will  see  very  clearly,  however, 
that  this  axial  force  actually  exists  and  is  very  effective.  This 
inward  sucking  in  the  inner  holes  is  great  enough  to  produce  an 
audible  snorting  noise  when  the  level  of  the  lead  is  only  slightly 
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above  the  top  of  the  opening.     Most  of  our  furnaces,  however, 
have  only  one  hole  per  electrode. 

C.  E.  Skinner:  I  should  like  to  ask  Dr.  Hering  how  the  fur- 
nace is  started,  in  the  case  of  the  higher  melting  point  materials. 

Carl  Hering:  In  starting  these  furnaces  from  the  cold  state 
they  must  be  primed  with  a  small  charge  of  liquid  metal,  enough 
to  fill  the  holes  and  connect  their  mouths,  so  as  to  establish  the 
path  for  the  current.  With  some  metals,  like  in  the  present  lead 
furnace,  the  charge  may  be  allowed  to  freeze,  and  the  heating 
may  then  be  started  again  by  simply  applying  the  current  gradu- 
ally until  sufficient  of  it  is  liquefied.  With  metals  that  are  brittle, 
or  hot-short,  or  contract  greatly,  it  is  safer  to  empty  the  charge 
completely  when  shutting  down,  and  to  start  up  again  from  the 
cold  with  a  small  charge  of  liquid  metal.  We  have  started  frozen 
brass  furnaces  with  the  current,  but  do  not  at  present  recommend 
it  as  regular  practice.  Ferro-silicon,  which  can  be  melted  very 
nicely  in  this  furnace,  is  too  brittle  to  be  allowed  to  freeze  in  the 
furnace. 

Jos.  W.  Richards:  I  ask  Dr.  Hering  about  how  much  hotter 
the  metal  gets  in  the  tubes  than  the  metal  in  the  baths,  in  other 
words,  what  is  the  rise  in  temperature  of  the  metal  ?  Did  you 
measure  it  or  calculate  it? 

Carl  Hering:  The  difference  of  temperature  between  the 
holes  and  the  bath  depends  greatly  on  the  viscosity  of  the  metal, 
its  specific  heat,  the  rate  of  input  of  energy,  the  pinching  force, 
the  velocity  of  flow,  the  length  and  diameter  of  the  holes,  and 
perhaps  other  factors  also.  Hence  is  not  subject  to  calculation, 
except  crudely.  Moreover  it  naturally  will  be  different  in  differ- 
ent furnaces.  Rough  calculations  indicate  that  it  may  be  200  to 
300  C.  and  perhaps  sometimes  as  much  as  1000. 

Jos.  W.  Richards  :  That  might  be  settled  by  putting  a  pyro- 
meter tube  near  the  opening  and  measuring  the  temperature  of 
the  issuing  metal. 

Carl  Hering  :  We  intend  to  do  it  in  this  way,  using  a  second 
pyrometer  to  measure  the  temperature  of  the  bath  at  the  same 
moment.  It  would  not  do  to  insert  a  pyrometer  tube  down  into 
the  hole,  for  unless  very  small,  it  would  disturb  the  conditions 
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in  the  holes  and  therefore  measure  the  temperature  under  abnor- 
mal conditions. 

Jos.  W.  Richards:  The  rise  in  temperature  is  probably  very 
small ;  that  is,  considering  the  great  amount  of  circulation.  The 
rise  of  temperature  in  the  tubes  is  only  a  few  degrees  C.  or  of 
that  order. 

Carl  Hering:  It  depends  greatly  on  the  design  and  propor- 
tioning of  the  furnace  and  is  complicated  on  account  of  the  large 
number  of  variable  factors  involved.  It  is  one  of  the  features 
which  governs  the  proportioning  of  these  heating  holes.  In  one 
case  we  found  that  the  end  of  the  electrode  had  not  melted  even 
when  it  had  been  in  direct  contact  with  the  root  of  the  resistor, 
hence  the  temperature  there  could  not  have  been  high. 

Jos.  W.  Richards  :  This  question  has  bothered  a  good  many 
people  who  have  been  reading  about  Dr.  Hering's  furnace,  and 
who  imagine  that  the  temperature  in  these  tubes  must  be  several 
hundred  degrees  higher  than  the  temperature  of  the  bath.  I 
satisfied  myself  by  a  calculation  on  one  of  Dr.  Hering's  furnaces 
that  it  would  be  something  like  400  higher  than  the  mean  temper- 
ature of  the  bath  in  the  extreme  case. 

M.  G.  Lloyd  :  What  is  the  material  of  the  electrode  in  contact 
with  the  molten  metal? 

Carl  Hering:  The  same  metal  as  that  which  is  to  be  melted 
in  the  furnace,  so  as  not  to  contaminate  the  latter.  If  brass  is 
to  be  melted,  or  other  copper  alloys,  we  make  them  of  copper, 
because  an  alloying  with  some  copper  would  not  do  any  harm. 
In  a  silver  furnace  the  electrode  is  made  of  that  metal  only  up 
to  the  point  where  it  might  melt,  and  from  that  point  on  it  is 
copper.  In  a  steel  furnace  the  main  part  of  the  electrode  is  made 
of  copper  and  only  the  end  which  may  melt  is  made  of  steel. 
Graphite  electrodes  may  in  some  cases  be  used. 

Jos.  W.  Richards  :  Has  Dr.  Hering  tried  the  use  of  anything 
except  metal,  that  is,  any  liquids  or  fused  electrolytes,  for  instance, 
which  are  good  conductors? 

Carl  Hering  :  It  depends  on  their  resistivity  ;  when  this  is  too 
high  the  proportions  of  the  heating  holes  become  impracticable, 
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although  there  are  then  other  means  which  may  be  resorted  to 
which  I  am  not  ready  to  describe  now.  The  resistivity  of  barium 
chloride  is  too  high,  but  we  heat  such  materials  by  floating  them 
on  a  bath  of  lead  or  other  suitable  metal  in  the  bottom  and  setting 
free  the  heat  in  that  metal.  Similarly  a  laboratory  furnace  for 
heating  any  materials  in  a  crucible  may  be  made,  in  which  case 
the  crucible  is  forced  down  into  the  heated  bath  of  molten  metal ; 
and  by  using  a  metal  of  sufficiently  high  boiling  point,  such  a 
furnace  might  perhaps  be  made  for  a  range  of  temperatures  above 
that  at  which  metal  resistors  melt  or  at  which  a  carbon  resistor 
disintegrates  too  rapidly. 

Jos.  W.  Richards:  May  I  ask  how  the  brass  furnace  which 
you  put  up  at  Philadelphia  is  working?  I  know  many  here  will 
be  interested  to  know  on  what  scale  it  is  running  and  with  what 
success. 

Care  Hering  :  It  has  been  working  very  satisfactorily  as  far 
as  the  furnace  itself  is  concerned;  many  tons  of  brass  have  been 
melted  in  it ;  any  desired  temperature  can  be  reached.  Preferably 
a  large  part  of  the  charge  is  always  retained,  as  the  cold  metal 
then  melts  quicker  by  immersion,  and  the  full  current  may  then 
be  kept  on  during  pouring.  It  holds  about  1,600  pounds.  The 
power  input  is  about  100  K.  W.,  though  this  depends  somewhat 
on  the  resistivity  of  the  particular  alloy  and  is  in  this  particular 
furnace  also  limited  by  the  range  of  regulation  of  the  particular 
and  rather  poor  transformers.  The  melting  rate  was  found  to  be 
about  8  pounds  per  K.  W.  hour  from  switchboard  to  clean  ingots 
cast,  the  raw  material  being  a  rather  poor  scrap.  This  includes 
some  avoidable  heat  losses  in  the  transformers  and  elsewhere, 
as  also  in  the  dirt  in  the  scrap.  With  clean  metal,  better  trans- 
formers and  a  reduction  in  some  other  losses,  10  pounds  per 
K.  W.  hour  will  no  doubt  be  obtained,  and  perhaps  exceeded ; 
but  this  depends  greatly  on  the  superheat  desired  by  the  foundry- 
man.  Our  delays  and  troubles  have  been  due  mostly  to  things 
outside  the  furnace  proper,  and  were  largely  in  the  transformers. 
Much  delay  was  caused  by  finding  that  the  counter  electromotive 
force  developed  by  the  moving  metal  was  far  greater  than 
expected  ;  the  voltage  of  the  transformers  was  therefore  far  too 
low.     After  doubling  it  and  halving  the  current,  the  furnace  ran 
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very  well.  The  counter  e.  m.  f.  seemed  to  be  even  greater  than 
the  voltage  required  by  the  resistance  alone.  This,  of  course,  is 
a  very  favorable  feature. 

Jos.  W.  Richards  :  On  the  spur  of  the  moment,  I  will  confess 
I  do  not  know  what  the  counter  electromotive  force  will  mean 
in  such  a  furnace. 

Carl  Hering:  All  the  energy  of  the  mechanical  motion  of 
the  liquid  appears  in  the  circuit  as  a  counter  e.  m.  f.  or  opposing 
e.  m.  f.,  just  as  in  an  electric  motor.  It  is  similar  to  the  counter 
e.  m.  f .  in  an  electrolytic  cell,  in  which  case  however  it  represents 
the  chemical  energy.  The  energy  input  therefore  is  made  up  of 
two  parts,  one  is  that  which  is  converted  directly  into  heat  due 
to  the  resistance,  and  the  other  that  which  is  converted  first  into 
the  mechanical  energy  of  the  moving  metal,  and  afterwards 
fritted  into  heat  by  friction.  This  counter  e.  m.  f.  is  produced 
while  the  metal  flows  from  the  circumference  of  the  hole  to  the 
center,  during  which  time  it  cuts  the  magnetic  flux  of  its  own 
current,  which  induces  a  voltage  like  in  a  dynamo. 

F.  A.  Lidbury  :     About  what  energy  do  you  use  in  practice? 

Carl  Hering  :  The  rates  from  actual  runs  on  brass  I  have 
given  above.  But  neither  these  nor  those  for  other  metals  have 
as  yet  been  determined  with  care.  As  there  are  only  two  losses 
in  this  furnace,  that  through  the  walls  and  that  through  the 
electrodes,  there  is  no  reason  to  believe  that  both  may  not  be 
made  small  by  better  proportioning,  hence  the  heat  efficiency  be 
made  large.  It  has  taken  about  thirty-five  years  to  develop  the 
best  proportions  of  the  arc  furnace,  and  about  twenty-five  for 
the  induction  furnace ;  to  determine  the  best  proportions  of 
furnaces  is  a  slow  process. 

The  question  of  the  wearing  of  the  walls  of  the  holes  has  often 
been  asked,  the  general  opinion  being  that  it  would  be  serious ; 
I  feared  it  myself.  It  turned  out  however  to  be  quite  the  con- 
trary, to  our  surprise.  For  steel  furnaces  we  use  a  refractory 
material  made  here  in  Niagara  Falls,  an  electrically  sintered  mag- 
nesite,  which  gets  very  hard  and  on  which  we  have  not  been  able 
to  detect  any  measurable  wear.  In  one  case  a  thin  fin  of  this 
material  was  accidentally  formed  at  the  mouth  of  a  hole  during 
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the  tamping  of  the  plastic  material.  To  my  surprise  it  remained 
there  for  a  number  of  runs,  although  tons  of  molten  steel  must 
have  washed  over  it.  Something  in  the  steel  seems  to  deposit 
on  the  surface  of  the  holes,  forming  a  black  glaze  which  seems 
to  replace  itself  as  fast  as  it  is  worn  away.  In  brass  furnaces 
the  holes  are  not  thus  wetted,  and  remain  hard  and  smooth.  For 
brass  we  find  tubes  of  the  ordinary  crucible  plumbago  to  be  very 
satisfactory.  In  the  preferred  form  of  furnace  in  which  the  holes 
enter  from  the  side,  that  part  of  the  lining  which  includes  the 
holes  is  easily  and  cheaply  replaced  ;  the  plastic  material  is  rammed 
around  cores  made  of  thin  metal  tubing,  which  latter  are  melted 
out  when  the  furnace  is  started. 

Warren  F.  BleEcker  :  Could  this  furnace  be  used  as  a  reduc- 
tion furnace? 

Carl  Hering  :  This  type  of  furnace  is  primarily  for  develop- 
ing heat  in  molten  metals ;  whether  this  heat  can  subsequently  be 
used  for  chemical  reductions  depends  upon  the  process  involved. 
Iron  oxide  was  easily  reduced  to  iron  with  the  carbon  in  the 
iron,  like  in  the  open-hearth  process,  and  more  carbon  can  easily 
be  dissolved  in  the  iron ;  a  rod  of  electric  light  carbon  held  in 
front  of  one  of  the  holes  for  a  little  while  comes  out  pointed, 
showing  its  rapid  solution.  Carbon  floating  on  the  surface  no 
doubt  reduces  some  of  the  floating  oxides,  as  usual.  Zinc,  phos- 
phorus, etc.,  could  no  doubt  be  reduced  by  mixing  the  raw  mate- 
rial with  carbon  and  floating  it  on  some  inert  liquid  metal  in  which 
the  necessary  heat  is  generated. 

Warren  F.  BleEcker:  The  particular  question  arises  as  to 
whether  the  slag  would  interfere  in  any  way,  if  you  have  some 
slag  materials,  and  whether  that  slag  will  wash  down  in  the  metal 
and  interfere  with  the  furnace? 

Carl,  Hering  :  Whether  slag  on  top  interferes  with  reduction 
depends  on  the  particular  process.  Slag  should  not,  and  under 
normal  conditions  does  not,  get  into  the  heating  holes.  Any  small 
amounts  of  fusible  slag  suspended  in  the  metal  would  soon  be, 
and  in  fact  has  been,  washed  out  of  the  holes  if  it  got  in. 

Warren  F.  BeEECker  :    Would  it  be  apt  to  do  that  ? 


SYMPOSIUM   ON    ELECTROCHEMICAL    INVESTIGATION.  251 

Carl  Hiring:  The  only  danger  of  slag  in  the  holes  is  when 
the  furnace  is  being  emptied  for  a  shut-down.  With  ordinary 
care  this  can  be,  and  is,  easily  avoided  by  emptying  the  last  dregs 
reasonably  quickly. 

F.  A.  Lidburv  :  I  do  not  know  whether  I  apprehended  what 
you  said,  but  I  gather  that  these  troubles  you  had  were  chiefly 
in  connection  with  the  transformers.  What  was  the  nature  of 
the  troubles  you  met  with?  I  realize  you  are  using  a  transformer 
of  an  unusually  low  voltage,  and  it  is  not  quite  clear  why  you 
should  have  met  with  any  particular  troubles  in  that  respect. 

Carl  Herinc  :  It  is  true  that  many  of  our  difficulties  have 
been  with  the  transformers,  but  although  they  were  very  time- 
robbing  they  were  not  inherent  and  could  easily  be  avoided  by 
better  proportioned  transformers.  One  difficulty  was  that  the 
range  of  voltage  was  not  great  enough  for  the  developing  stage 
when  it  was  not  yet  known  just  what  voltage  would  be  required. 
In  several  cases  we  found  that  the  voltage  had  to  be  doubled, 
due  to  the  unexpectedly  high  counter  e.  m.  f.,  hence  the  trans- 
formers had  to  be  reconstructed.  Another  was  that  the  particular 
means  for  the  regulation  of  the  voltage  in  the  transformer  intro- 
duced a  bad  power  factor  into  the  transformer ;  this  could  be 
avoided  by  regulating  it  differently,  as  the  power  factor  of  the 
furnace  is  not  low;  at  25  cycles  it  was  practically  100  percent, 
and  at  60  cycles  between  70  and  90  percent.  Another  was  that 
the  transformers  were  not  designed  liberally  enough  and  there- 
fore heated  badly.  Another  was  in  the  particular  way  in  which 
the  terminals  had  been  made  by  the  maker.  All  of  our  trans- 
former troubles  were  of  the  kind  that  could  be  remedied  by  the 
transformer  maker. 

F.  A.  Lidbury  :  What  is  the  relation  of  the  power  factor  to 
the  capacity  of  the  furnace  as  you  have  built  it? 

Carl  Herinc,  :  There  is  no  such  relation;  the  power  factor 
does  not  depend  on  the  capacity.  It  depends  more  on  the  fre- 
quency and  on  the  resistivity  of  the  metal.  It  is  high  for  low 
frequencies ;  it  is  lower  for  lower  resistivities  on  account  of  the 
greater  currents  required.  A  low  power  factor  merely  means 
larger  transformers  and  leads ;  it  does  not  mean  a  lower  efficiency 
16 


252  SYMPOSIUM    ON    ELECTROCHEMICAL    INVESTIGATION. 

except  indirectly,  in  that  the  losses  are  increased  due  to  the  larger 
idle  currents. 

F.  A.  Lidbury  :  I  presume  the  larger  the  furnace  the  lower 
the  power  factor  is? 

Carl  Hering  :  Xo,  not  necessarily.  A  larger  capacity  furnace 
may  be  made  by  multiplying  the  heating  units  instead  of  the 
current  in  each ;  the  power  factor  would  then  remain  the  same. 

Jos.  W.  Richards:  Does  Dr.  Hering  like  to  hear  his  furnace 
spoken  of  as  a  "pinch-effect*"  furnace?  The  pinch  effect  refers 
to  something  which  does  not  happen  in  this  furnace.  You  are 
using  the  pinch  force,  but  do  not  get  the  pinch  effect. 

Carl  Hering  :  Personally  I  do  not  care  what  you  call  it,  as 
long  as  you  do  not  call  it  bad  names.  The  force  of  the  pinch 
effect  most  assuredly  is  used,  but  we  do  not  allow  this  force  to 
rupture  the  circuit.  But  even  when  the  latter  does  occur  there 
is  no  harm  done  provided  the  metal  is  molten,  for  by  then  opening 
the  circuit  for  a  moment,  contact  is  again  established  as  the  metal 
runs  together  again. 

ELECTRO-PERCUSSIVE   WELDING. 

Mr.  Chubb  gave  a  demonstration  of  electro-percussive  welding 
illustrating  the  paper  by  Air.  Skinner  and  himself  on  that  subject 
given  at  an  earlier  session. 

THE   WILE    FURNACE. 

R.  S.  Wile:  The  furnace  is  a  slag  resistance  furnace  and  is 
designed  to  use  two-  or  three-phase  current,  while  an  older  type 
in  use  for  a  number  of  years  has  one  top  and  one  bottom  electrode 
and  uses  direct  or  single-phase  current.    (Fig.  7). 

In  starting  this  furnace  the  top  electrodes  are  lowered  and  a 
quantity  of  granular  graphite  is  thrown  around  the  electrodes 
until  arcing  occurs ;  then  broken  glass  is  introduced.  As  this 
melts  the  electrodes  are  raised  until  the  bosh  is  filled  with  it. 
The  tin  dross  mixed  with  the  proper  amount  of  carbon  is  then 
placed  in  the  furnace,  completely  filling  the  stack.  As  the  metal 
is  reduced  it  is  tapped  out  at  the  bottom  and  provision  is  made 
to  draw  the  accumulating  slag  through  the  slag  tap  hole  at  the 
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top  of  the  bosh.  It  is  necessary  to  add  the  proper  amount  of 
silica  to  the  charge  in  case  it  contains  iron,  copper  or  other  dele- 
terious oxides  in  order  to  maintain  the  silica  content  in  the  slag 
constant,  thus  keeping  the  electrical  resistance  the  same. 


Fig.  7. 

This  furnace  has  a  number  of  advantages  over  the  commoner 
methods  of  smelting  tin  dross.  In  the  older  way  soda  ash  is  used 
for  fluxing  purposes,  which  being  basic  in  character  does  not 
allow  the  slagging  off  of  the  iron  or  copper  unless  the  silica  is 
picked  up  from  the  side  walls  and  bottom  ;  the  charge  being  in 
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a  reverberatory  furnace  is  subjected  over  a  large  area  to  the  heat 
passing  over  it,  causing  a  large  flue  loss.  The  resultant  product 
must  be  refined  to  free  it  from  iron,  zinc  or  copper,  and  there  is 
a  large  by-product  known  to  the  trade  as  hard  sweats  which  must 
be  put  through  a  special  treatment. 

In  this  furnace  the  charge  is  above  the  slag;  hence  there  will 
be  no  flue  loss,  as  the  cold  charge  will  condense  any  volatile 
metals  or  oxides,  and  all  gases  from  the  furnace  are  run  through 
water.  The  slag  being  composed  at  the  start  of  66.6  percent  silica, 
16.6  percent  soda,  and  16.6  percent  lime,  and  the  percentage  of 
silica  remaining  the  same,  the  oxides  of  iron,  zinc  and  copper  are 
slagged  off  as  silicates,  while  at  the  temperature  of  the  furnace, 
which  is  maintained  at  1,650°  C.  or  above,  the  tin  will  not  com- 
bine with  the  slag,  so  that  the  ultimate  tin  loss  in  the  slag  is  about 
0.5  percent  of  the  tin  in  the  charge  and  the  total  loss  is  generally 
below   1   percent  and  never  over  1.5  percent. 

The  power  consumed  varies,  of  course,  with  the  amount  of  tin 
in  the  charge  as  well  as  the  iron,  zinc  or  copper  to  be  slagged  off, 
but  for  impure  drosses  varies  between  600  and  900  K.  W.  hours 
per  ton  of  tin  produced.  The  cost  of  power  is  more  than  offset 
by  the  saving  in  tin,  as  the  loss  in  the  reverberatory  is  never  under 
7  percent  and  rarely  that  low. 

It  is  possible  to  smelt  tin  drosses  in  the  open  hearth,  thus  per- 
mitting the  use  of  the  acid  slag,  but  the  loss  in  tin  is  very  large 
because  of  the  intense  heat  unless  an  expensive  bag  house  is 
installed.  In  very  few  locations  are  there  conditions  warranting 
a  smelter  of  this  class  of  material  to  install  a  furnace  of  these 
proportions,  as  the  cost  of  the  gas,  together  with  loss  of  values, 
and  initial  cost  are  far  greater  than  electricity  loss  and  initial 
cost  in  the  electric  furnace. 

It  has  often  been  asked  whether  too  much  carbon  will  clog  up 
the  furnace,  and  while  this  is  true  in  many  furnaces,  in  this  type 
the  excess  will  flow  out  with  the  slag  through  the  slag  tap  hole 
at  the  top  of  the  bosh. 

The  life  of  the  electrodes  is  about  two  months,  as  these  do 
not  come  into  contact  with  the  air  or  charge,  and  merely  dip  into 
the  slag,  the  rest  of  the  electrode  being  protected. 

It  is  possible  to  pick  up  the  current  in  this  type  of  furnace  after 
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a  shut-down  of  three  hours,  but  the  slag  must  be  drawn  for  any 
longer  delays  than  that. 

The  exhibition  was  followed  by  a  long  discussion  which  was 
concluded  by  Mr.  Wile  agreeing  to  a  suggestion  by  'Sir.  G.  A. 
Roush  that  he  prepare  a  paper  on  his  furnace  for  presentation 
at  the  next  meeting  of  the  Society. 

COTTRELL   PROCESS. 

P.  E.  Lax  dolt:  I  assume  you  are  all  more  or  less  familiar 
with  the  fundamental  principles  of  the  process.  Low  tension 
alternating  current  is  transformed  to  high  tension  of  from  15,000 
to  20,000  volts  up  to  100,000  volts,  sometimes,  and  is  then  rectified 
by  means  of  a  synchronous  switch.  The  resultant  high  tension 
direct  current  is  transmitted  from  the  rectifier  to  the  high  tension 
system  which  is  usually  a  series  of  wires  which  are  suspended 
in  grounded  pipes.  The  alternating  current  employed  may  be 
either  25  or  60  cycle.  There  seems  to  be  no  apparent  difference 
in  the  efficiency  of  precipitation  by  means  of  the  high  tension 
produced  from  each  source.  A  uniform  gas  flow  is  maintained 
and  according  to  the  voltage  used  we  may  use  a  corresponding 
size  of  pipe.  We  have  in  this  experiment  a  6-inch-diameter  pipe 
and  will  probably  develop  about  35,000  volts.  L^sually  in  com- 
mercial practice  we  operate  at  60,000  and  70,000  volts,  and  use 
a  14  or  18-inch  pipe,  depending  on  the  character  of  the  problem. 
Differences  are  found  from  the  condition  of  the  gas ;  namely,  its 
temperature,  moisture,  acid  content  and  the  character  of  the  dust 
content.  In  many  cases  the  fumes  are  non-conducting;  one  case 
where  it  is  particularly  conductive  is  in  sulphuric  acid  mist. 

Jos.  W.  Richards  :  Which  do  you  operate  with,  the  negative 
wire  or  the  positive  wire? 

P.  E.  Laxdolt  :  Sometimes  we  operate  with  the  wire  negative 
and  sometimes  with  the  wire  positive.  We  find  the  negative 
generally  gives  better  results,  that  we  can  maintain  a  higher 
potential  with  the  negative  than  with  the  positive,  and  get  a 
better  precipitation.  The  corona,  which  is  produced  on  the  nega- 
tive, is  not  as  powerful  as  on  the  posithe. 

G.  A.  Roush  :  What  is  the  chemical  nature  of  the  material 
you  expect  to  work  today? 
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P.  E.  Laxdolt  :     We  have  taken  some  zinc  dross  from  the 
resistance  furnace.     (See  Fig.  8). 
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Fig.  8. 


F.  A.  Lidbury:  I  think  the  difficulties  which  Mr.  Landolt 
temporarily  experienced  in  his  demonstration  were  too  great  a 
rate  of  flow  of  gas  and  too  large  a  quantity  of  fumes  for  the 
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capacity  and  voltage  at  which  he  was  running  his  apparatus. 
This  demonstration  is  very  instructive,  because  in  talking  to  Mr. 
Bradley  some  days  ago  in  regard  to  this  method  of  fume  pre- 
cipitation he  emphasized  the  extreme  difficulties  which  have  been 
met  in  several  cases  of  the  commercial  application  of  this  method 
of  fume  precipitation.  These  difficulties  were  largely  in  connec- 
tion with  the  collection  of  proper  data  in  regard  to  the  amount 
of  fumes  per  unit  volume  of  gas  and  the  rate  of  flow  of  the  gas ; 
and  they  have  got  to  a  point  now,  as  I  understand  it,  where  they 
simply  refuse  to  take  any  calculations  on  these  data  from  possible 
clients,  and  insist  upon  making  the  measurements  themselves, 
since  the  design  of  the  apparatus  depends  to  such  a  vital  extent 
upon  accuracy  in  these  respects ;  so  that  the  object  lesson  which 
was  perhaps  unavoidably  given  this  afternoon  was  really  a  most 
instructive  one,  apart  from  the  subsequent  success  of  the  pre- 
cipitating operation. 

Jos.  W.  Richards:  Will  'Sir.  Landolt  kindly  enumerate  the 
different  kinds  of  fumes  to  which  this  process  is  now  com- 
mercially applied? 

P.  E.  Landolt  :  Fumes  delivered  from  slime  furnaces  in 
connection  with  the  recovery  of  the  gold  and  silver  values  from 
electrolytic  copper  refinery.  The  recovery  of  cement  dust  in 
connection  with  cement  manufacture.  The  recovery  of  tin  fumes 
in  the  form  of  stannic  oxide ;  and  zinc  oxide  from  the  brass 
industry.  Also  in  lead  fumes  from  the  converting  of  lead  copper 
matte  as  applied  at  the  Garfield  Smelter,  at  Garfield,  Utah. 
The  lead  sulphides  from  the  roasting  processes,  particularly  from 
sintering  machines,  as  applied  at  Tooele,  Utah.  Also  in  ven- 
tilation problems,  such  as  the  recovery  of  any  kind  of  fine  dust 
in  the  air  of  a  building,  for  instance,  bleaching  dust,  or  car- 
borundum dust,  or  alundum  dust.  Another  case  is  borax  dust. 
Also  in  the  case  of  sulphuric  acid.  Sulphuric  acid  was  the 
original  application.  We  use  it  in  the  case  of  sulphuric  acid 
mist.  In  that  connection  I  will  say  that  at  present  we  are  work- 
ing on  the  removal  of  dust  between  the  burners  and  the  hot 
tower  in  connection  with  sulphuric  acid  work — that  is  still  in 
the  experimental  stage. 
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Jos.  W.  Richards  :  Has  it  been  applied  to  the  removal  of 
dust  from  blast  furnace  gases? 

P.  E.  Landolt  :  In  the  near  future  we  expect  to  be  working 
on  that  problem,  we  have  not  done  anything  as  yet. 

Alfred  H.  CowlES  :  Does  it  work  more  favorably  at  high 
temperatures  of  the  gases? 

P.  E.  Landolt  :  In  the  cement  works  they  work  in  the  neigh- 
borhood of  i,ooo°  F.  At  present  we  are  working  in  connection 
with  the  dust  removal  from  sulphuric  gases  in  sulphuric  acid 
manufacturing,  working  in  the  neighborhood  of   i,ooo°. 

^.1.  G.  Lloyd:    Does  the  temperature  affect  the  efficiency? 

P.  E.  Landolt  :  Not  so  far  as  I  have  found  out.  Corona 
is  formed  at  lower  voltage.  It  seems  that  the  increased  tem- 
perature corresponds  to  decrease  in  pressure.  The  density  of 
the  gas  is  less  and  seems  to  affect  the  corona  formation  and 
spark-over  voltage.  There  is  some  relation  between  these  fac- 
tors which  has  not  been  completely  worked  out  to  date. 

Alfred  H.  CowlES  :  Would  any  large  increase  of  hydration 
affect  it? 

P.  E.  Landolt:    Not  from  the  standpoint  of  precipitation. 

B.  L.  Glascock  :  Has  the  process  been  used  in  the  precipita- 
tion of  carbon  particles  in  smoke  ? 

P.  E.  Landolt:  Some  experimental  work  has  been  done  on 
that,  and  the  bulk  of  this  has  been  done  at  Pittsburgh.  We 
have  a  man  stationed  at  the  Bureau  of  Mines  at  Pittsburgh  car- 
rying on  some  investigations  in  this  direction.  There  has  been 
a  large  amount  of  work  done  on  this  problem  but  it  is  still  in 
the  experimental  stage.     That  is  the  understanding  I  have  of  it. 

There  is  another  application  I  forgot  to  mention  among  the 
commercial  applications.  That  is  the  detarring  of  illuminating 
gas. 

M.  G.  Lloyd:  I  understand  that  the  voltage  required  depends 
on  the  diameter  of  the  stack.  I  would  like  to  hear  how  the 
amount  of  the  discharge,  that  is  the  coulombs  they  pass  over, 
is  controlled.  Is  the  quantity  of  the  discharge  noted  propor- 
tional to  the  amount  of  fumes? 
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P.  E.  Landolt  :  So  far  as  we  have  found  out,  the  quantity 
of  discharge  does  not  seem  to  be  proportional  to  the  quantity 
of  fumes.  If  we  put  together  a  certain  sized  wire  and  a  cer- 
tain sized  pipe,  there  will  be  a  definite  voltage  and  a  definite 
current ;  in  fact,  the  current  seems  to  be  about  the  same,  in  dif- 
ferent size  pipes,  for  any  potential.  There  seems  to  be  no 
relation  between  the  current  consumption  and  the  speed  of  the 
gases.  We  soon  get  into  a  complicated  field  if  we  undertake 
the  discussion  of  the  relation  of  current  and  voltage  to  the 
speed  of  gases  and  the  number  of  particles  in  the  gas.  I  hardly 
think  we  have  time  to  go  into  that  here. 

Jos.  W.  Richards:  The  larger  part  of  the  resistance  is  close 
around  the  wire,  so  that  it  does  not  make  much  difference  how 
large  the  tube  is? 

P.  E.  Landolt:  There  is  another  thing  that  plays  a  part 
there — there  is  some  condenser  action  involving  the  capacity  of 
the  discharge  electrode  as  compared  with  the  plate.  There  is 
one  peculiar  thing  that  happens — we  find  the  material  built  up 
on  the  wire  as  well  as  the  plate.  Originally  this  was  thought 
to  be  due  to  friction,  but  we  have  proved  that  it  is  not  friction. 
You  can  pass  the  gases  indefinitely  through  the  pipe  at  the 
same  speeds  and  the  deposits  will  be  nothing  as  compared  with 
the  deposit  due  to  the  current.  The  action  of  the  current  tends 
to  vibrate  the  wire.  It  is  necessary,  in  practice,  to  rap  the  pipes 
to  remove  the  dust  on  them. 

Alfred  H.  CowlEs:  Does  the  dust  deposit  in  hard  masses, 
as  a  crust,  or  is  it  flocculent? 

P.  E.  Landolt:  It  is  flocculent.  If  a  fume  is  finer  than  200 
mesh,  there  is  a  tendency  to  agglomeration  after  precipitation, 
but  there  is  not  quite  that  packing  effect  you  asked  about. 

Jos.  W.  Richards:  Apropos  of  the  remarks  you  made,  I 
understand  you  had   difficulty   in  determining  the   flow   of  gas. 

F.  A.  Lidbury  :  In  getting  accurate  data  at  the  establish- 
ments where  they  have  been  installed. 

Jos.  W.  Richards:  It  is  an  uncertain  and  difficult  matter 
to  determine  the  flow  of  gases.  Mr.  G.  K.  Herzog  made  a 
remark  the  other  day   which   led  me   to  make  this   suggestion. 
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He  said  that  the  flow  of  water  in  the  hydraulic  tubes  was  being 
determined  by  the  use  of  common  salt  which  was  being  dis- 
tributed into  the  flow  and  then  the  amount  of  salt  in  the  water, 
determined  afterwards,  showed  by  the  dilutions  you  get,  the 
amount  of  flow,  and  in  that  way  the  amount  of  water  flowing 
had  been  determined  to  an  accuracy  of  one-tenth  of  one  percent. 
Maybe  it  would  be  possible  to  take  a  gas.  which  does  not  exist 
normally  in  the  gases,  and  feed  it  continuously  for  a  short  time 
and  carefully  measure  the  amount  of  this  gas  which  is  put  into 
the  gases  under  treatment,  and  measure  the  output  a  sufficient 
distance  from  the  input,  and  determine  the  proportion  of  gas 
from  the  dilution,  and  thereby  determine  the  flow  and  the  amount 
of  gas   which  has  flowed. 

P.  E.  Laxdolt:  We  have  applied  that  idea,  but  normally  we 
have  to  deal  with  such  large  quantities  of  gases  in  smelters  par- 
ticularly, that  it  is  impracticable  to  introduce  sufficient  gas  to 
get  a  determination.  A  boiler  house  could  have  ammonia  in- 
troduced and  the  ammonia  in  the  gas  could  be  determined  after 
the  point  of  admission  to  the  system.  If  there  is  a  certain  per- 
centage of  C02  it  may  be  increased  by  the  introduction  of  C02. 
This  determination  can  be  made  on  a  small  scale,  but  with  large 
quantities  of  gases  it  seems  to  be  impracticable.  We  usually 
deal  with  gases  in  tens  of  thousands  of  cubic  feet  per  minute, 
or  hundreds  of  thousands  of  cubic  feet  per  minute. 

Carl  Hering  :  The  question  of  the  agglomeration  of  particles 
was  referred  to  just  now.  That  recalls  an  experiment  I  made 
a  good  many  years  ago.  I  took  a  large  bell-shaped  jar  filled 
with  tobacco  smoke,  introduced  two  terminals  of  the  ordinary 
induction  machine,  what  is  called  the  friction  machine,  giving 
high  tension  electricity,  and  turned  on  the  machine,  and  in  a 
second  or  two  the  air  in  the  jar  was  clear.  I  noticed  the  smoke 
had  agglomerated  into  streams,  as  if  a  spider  had  woven  a  web 
inside  the  jar.  It  seems  from  that  experiment  that  at  least 
tobacco  smoke  will  agglomerate  in  that  way. 

Jos.  W.  Richards  :  Has  anyone  thought  of  the  idea  of  apply- 
ing this  to  the  condensation  of  metallic  vapors,  such  as  zinc 
vapor  in  condensers,  so  as  to  assist  in  the  condensation? 
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P.  E.  Landolt  :  I  do  not  know  of  any  such  method,  although 
I  see  no  reason  why  such  an  application  could  not  be  made 
practical. 

THE    OXIDATION    RATE    OF    ELECTRODE    MATERIALS. 

A.  T.  Hinckley  :  This  method  of  measuring  the  oxidation 
rate  of  electrode  materials  is  essentially  the  same  as  described 
by  Mr.  C.  A.  Hansen  in  1909  (Electrochemical  and  Metallurgical 
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Industry.  Vol.  7,  page  389).  We  have  found  it  necessary  to 
use  samples  of  larger  diameter  than  one  cm.  when  studying 
coarse  grained  carbons  in  order  to  secure  uniform  resistance. 
About  3"  (7.6  cm.)  proves  to  be  a  satisfactory  size  and  the  fol- 
lowing diagram   shows  the  electrical  connections.     On   account 
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of  the  longer  time  taken  to  raise  the  large  sample  to,  and  cool 
it  from,  the  desired  temperature,  it  is  necessary  to  determine 
the  oxidation  loss  that  occurs  in  each  of  these  intervals  and 
correct  the  total  loss  by  that  amount.     (Fig.  9.) 

This  test  may  be  carried  out  at  constant  temperature,  con- 
stant current  or  constant  potential.  The  constant  temperature 
test  has  proven  most  useful  in  comparing  different  electrode 
materials,  and  electrodes  manufactured  by  different  methods. 
Owing  to  the  different  physical  properties  as  real  density,  appar- 
ent density,  etc.,  of  electrodes  made  from  different  materials,  it 
is  difficult  to  determine  which  property  to  choose  as  the  cri- 
terion, in  selecting  electrodes  for  comparison.  The  following 
carbons  were  selected  on  the  criterion  of  equal  porosity,  and 
tested  for  rate  of  oxidation  at  i,ooo°  C. 

Carbon  Rate  of  Oxidation 

A   0.0050  g.   per   cm.2  per   minute 

B    0.0065     "       "      "        " 

C   0.0075    " 

Carbon  A  was  regular  graphitized  stock  of  somewhat  lower 
porosity  than  the  average. 

Carbon  B  was  coarse  grained  amorphous  carbon  stock  such 
as  is  used  in  large  electrodes  for  steel  furnace  work. 

Carbon  C  was  average  amorphous  stock  such  as  is  used  for 
graphitizing. 

The  rate  of  oxidation  of  electrodes  varies  very  widely  when 
other  criteria  are  selected  for  choosing  the  carbons  for  com- 
parison. Some  electrodes  of  type  A  disintegrate  rapidly  with 
the  "flaking"  noted  by  Mr.  Hansen,  thus  bringing  their  apparent 
oxidation  rate  above  that  of  type  C.  This  is  important  in 
determining  the  "life"  of  electrodes,  but  is  not  a  true  oxidation 
phenomenon.  Slight  variations  in  method  of  manufacture  cause 
a  variation  in  the  oxidation  rate  of  the  resulting  electrode, 
amounting  to  a  change  from  0.0065  to  0.0090  in  the  case  of 
electrodes  of  type  C. 

The  temperature  at  which  oxidation  starts  may  be  very  con- 
veniently determined  on  samples  set  up  in  this  way.  This  tem- 
perature varies  considerably  for  different  materials,  but  in  gen- 
eral lies  between  500  to  6oo°  C.  for  materials  of  type  A  and 
between  400  and  5000  C.  for  materials  of  type  C. 
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TUBE   FURNACE. 

F.  A.  J.  FitzGerald:  The  tube  furnace  which  is  now  run- 
ning is  worked  on  a  different  principle  from  that  shown  by 
Air.  Saunders,  for  the  heat  is  not  generated  in  the  tube  itself. 
The  diagram  shows  the  method  of  constructing  the  furnace 
which  we  find  very  useful  for  a  great  variety  of  experiments. 
Not  only  can  this  furnace  be  constructed  cheaply,  but  it  will 
last   for  a  long  time   without   repairs.     It   is   obvious   that  the 
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generation   of   heat   occurs   in   the  granular   carbon   which   par- 
tially envelopes  the  tube. 

The  tube  may  be  completely  surrounded  with  granular  car- 
bon, but  as  shown  in  the  sketch  it  only  covers  the  upper  part 
of  the  tube.  Ours  is  constructed  that  way  simply  because  we 
use  it  largely  for  melting  point  determinations  with  Seger  cones, 
and  in  that  case  it  is  preferable  to  heat  from  above.   (Fig.  10.) 
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